5GLP-1 PHARMACEUTI CAL COVPCSI TI ONS Background of the Invention The
present invention relates to inprovenents in conpositions containing

pepti de anal ogues of gl ucagon-1like peptide-1 and/or
pharmaceutical | y-acceptable 10 salts thereof, methods for preparing such
conposi tions, pharnmaceuti cal conpositions and net hods of using such
conpositions to treat mamals. fcagon-like pepti de-1(7-36) am de
(GP-1) is synthesized in the intestinal L-cells by tissue-specific
post-transl ati onal processing of the glucagon precursor preproglucagon
(varndell, J.M, et al., J. H stochem Cytochem 1985:33:1080-6) 15 and is
rel eased into the circulation systemin response to a neal. The plasnma
concentration of GLP-1 rises froma fasting | evel of approxinmately 15

prol /L to a peak postprandial |evel of 40 pnol/L. It has been denonstrated
that, for a given rise in plasma glucose concentration, the increase in
plasna insulin is approximtely threefold greater when glucose i's
adnlnlgtered orally CORPYY ¢ b i '% ﬁ mann, B., et a
Lancet™ 1987: 2, 1300-4) —F y oA nsul i n rel ease,
known as the incretin effect, is prlnarily hunoral and GLP-1 is thought to
be the nost potent physiological incretin in humans. In addition to the
insulinotropic effect, GP-1 Backaradnadef § @Mi®Nsecretion, del ays gastric
enptying (\Vett f MemS i ;
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treat NI Di3d in plasma glucose concentration, the increase in plasma insulin is

approximately threefold greater when glucose is administered orally compared with

20 intravenously (Kreymann, B., et al., Lancet 1987:2, 1300-4). This alimentary
enhancement of insulin release, known as the incretin effect, is primarily humoral
and GLP-1 is thought to be the most potent physiological incretin in humans. In
addition to the insulinotropic effect, GLP-1 suppresses glucagon secretion, delays
gastric emptying (Wettergren A., et al,, Dig Dis Sci 1993:38:665-73) and may

25 enhance peripheral glucose disposal (D'Alessio, D.A. et al, J. Clin Invest
1994:93:2293-6).

In 1994, the therapeutic potential of GLP-1 was suggested following the
observation that a single subcutaneous (s/c) dose of GLP-1 could completely
normalize postprandial glucose levels in patients with non-insulin-dependent

30 diabetes mellitus (NIDDM) (Gutniak, M.K,, et al., Diabetes Care 1994:17:1039-44).
This effect was thought to be mediated both by increased insulin release and by a
reduction in glucagon secretion. Furthefmore, an intravenous infusion of GLP-1
has been shown to delay postprandial gastric emptying in patients with NIDDM
(Williams, B., et al., J. Clin Endo Metab 1996:81:327-32). Unlike sulphonylureas,



Nunmer ous studi es have shown that when given to heal thy subjects, GP-1
potently influences glycemc levels as well as insulin and gl ucagon
concentrations (Orskov, C, D abetologia 35:701-711, 1992; Hoist, J.J., et
al., Potential of GLP-1 in diabetes managenent in G ucagon |11, Handbook
of Experinmental Pharnmacol ogy, 10 Lefevbre PJ, Ed. Berlin, Springer Verl ag,
1996, p. 311-326), effects which are gljgicose dependent (Kreymann, B., et
al ., Lancet ii: 1300-1304, 1987; Wir, GC, et al., D abetes 38:338-342,
1989). Moreover, it is also effective in patients with di abetes (CGutniak,
M, N Engl J Med 226:1316-1322, 1992; Nathan, D.M, ,et al., D abetes Care
15:270- 276, 1992), normalizing bl ood glucose levels in type 2 15 diabetic
subj ect s ; : : 3 i . =74 .
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15 zinc or protamne (Pridal, et. al., International Journal of

Phar maceutics Vol. 136, pp. 53-59 (1996)). European patent publication no.
EP 0619322A2 describes the preparation of mcro-crystalline forns of
G.P-1(7-37)0H by m xing solutions of the proteinin pH 7-8.5 buffer with
certain conbinations of salts and | ow nol ecul ar wei ght pol yet hyl ene glycols
(PEG. U. S. Patent No. 6,566,490 descrgpes seeding 20 mcrocrystals of,
inter alia, GP-1 which are said to aid in the production of purified

pepti de products. U.S. Patent 6,555,521 (US '521) discloses G.P-1 crystals
having a tetragonal flat rod or a plate-like shape which are said to have
inproved purity and to exhibit extended in vivo activity. US'521 teaches
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ilness polyneuropathy (CIPN) and systemic inflammatory response syndrome
(SIRS) (U.S. Patent Pub. No. 20030199445); modulating triglyceride levels and
treating dyslipidemia (U.S. Patent Pub. No.’s 20030036504 and 20030143183);
treating organ tissue injury caused by reperfusion of blood flow following ischemia

30 (U.S. Patent Pub. No. 20020147131); treating coronary heart disease risk factor
(CHDRF) syndrome (U.S. Patent Pub. No. 20020045636); and others.



Preferably the pharmaceutical conposition of the invention does not consi st
of a clear aqueous ZnC 2 solution having pH 4 in which said

(A b8.35]hGP-1(7-36)NH2 is present at a concentration of 4 ng/m and said
ZnCl 2 is present at a concentration of 0.5 ng/m. 50ne preferred enbodi nent
of the invention provides for a pharmaceutical conposition having an
inproved drug release profile, preferally with a reduced initial burst. The
present invention also provides for pharnaceutical conposition conprising a
conmpound of forrmula (I) having an extended duration of action. 10 1In
preferred features, the invention also provides.for a pharnmaceuti cal
conposition which precipitates in vivo at physiological pHto forman in
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25 prior crystalline clusters and amorphous crystalline suspensions which were said
to settle rapidly, aggregate or clump together, clog syringe needles and generally
exacerbate unpredictable dosing.
A biodegradable triblock copolymer of poly [(di-lactide-co-glycolide)-B-
ethylene glycol-B-(-lactide-co-glycolide)] has been suggested for use in a
30 controlled release formulation of GLP-1. However like other polymeric systems, the
manufacture of triblock copolymer involves complex protocols and inconsistent
particulate formation.



In a further enbodi nent, said pharmaceutical conposition further conprises
a divalent netal and/or divalent netal salt, wherein the nolar ratio of
said GLP-1 analog to said divalent nmetal and/or divalent nmetal salt in said
phar maceutical 20 conposition ranges from approxinmately 6:1 to
approximately 1:1. Preferably, said ratio ranges from approxi mtely 5.5:1
to approximately 1:1. Mre preferably, said ratio ranges from approxi mately
5.4:1 to approximately 1.5:1. Even nore preferably still, said ratio is
approximately 5.4:1, 4.0:1, or 1.5:1. Most preferably, said ratio is
approximately 1.5:1. What is nmeant by approximately in this aspect of 25
the invention is aratio of 1.5:1 10% each target val ue, thus expected
rati os include PREH, abl y,
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pharmaceutical conposition is about 10% (wei ght/volune) and the nolar ratio
of [Ai b8.35]hAP-1(7-36)NH2 or salt thereof to said divalent netal and/or
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30 or a pharmaceutically acceptable salt thereof, wherein the formulation of said

composition provides for superior manufacturing, administration, pharmacokinetic
and pharmacodynamic properties, as well as attenuated negative side-effects.



-9- about 5% (wei ght/volune) and the nolar ratio of the peptide to the
divalent netal and/or divalent netal salt is approxinmately 5.4:1. Mre
preferably, the concentration of [Ai b8 35] hG.P-1(7-36)NH2 or salt thereof
in said conposition is about 5% (wei ght/volune) and said ratio is

approximately 4.0:1. Mre preferably 5 still, the concentration of
[ Al b835] hGLP-1(7-36) NH2 or salt thereofgin said conposition is about 10%
(wei ght/volunme) and said ratio is approximately 5.4:1. Still further

preferably, the concentration of [Ai b8 35]hG.P-1(7-36)NH2 or salt thereof
in said conposition is about 10% (wei ght/volune) and said ratio is
approximately 4.0:1. 10Preferably, said divalent netal and/or dival ent
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pharmaceutical composition are salts of organic acids such as those of acetic acid
or trifluoroacetic acid, lactic, malic, ascorbic, succinic, benzoic, or citric acid.
30 In one preferred embodiment, the solubility, the pH, and the release profile

of the pharmaceutical composition can be modulated by adjusting the molar ratio



pepti de neans the nolar proportion of acetate (CH3000) or chloride (Cr) in
t he pharnmaceutical conposition to the nolar proportion of the peptide in
t he pharnmaceutical conposition. In exanple for a nolar ratio of 3:1 in the
pharmaceutical conposition, acetate is three tinmes the nolar content of the
25 peptide in proportion. This is a stoichionetric rati o of a conpound
conpared to the other. The wording "approximately" neans in this
aspect of the invention a ratio of 1.5:1 + 10% each target val ue, thus
expected ratios include ratios enconpassing, e.g., 1.35-1.65:0.85-1.15.
30l n additional preferred aspects of the invention, the pharnaceuti cal
conposi tion pHis adjusted by nodul ation of the acetate content of the
conposi ti BPG%BE%ﬁﬂ%g'iﬁ{ @8& SmPld 6P gféne%lg Jhe)s ﬂ? Qé]%%%‘&x'té‘r?d thedaRAsE! | on
is frompH 3 to p . re preferably sard pH ranges of
phar maceupidfitg ara@rqﬂmietthemlilai sbrkmmﬁl%1&rtaingbc®celm~atlorpr ef er abI y said pH
ranges of sald h eutlcal itipon i,s from 4.2 to pH 4.6
Preferably, torgc dP?@eq% 5ﬂﬁpﬁﬁ@%§t k‘ %Eﬁ%@g?V$ Fﬂ%mgﬁﬁPﬁtgﬂyﬁﬁtent 5
may be i ncompesss bydladléhﬂmeiaﬁtd fovigti ithe water solubilitpng teebeshpddiion the pH of
the sajid g‘arnaceutlﬁgﬁ osition may, be increased starting froma

S d Hﬂe

pepti d& sHlereRy e4pn e @iqf"qwﬁé‘%/§H@U'§?"I'38HP'¥68‘E“&<E'69 dhe Kitial bursitos

content bypir@H I@%h@%dﬁceﬁﬁ@ﬁ&ﬂse Erfd et d;vél@npﬁ\%ftzﬂé F%@é*ﬁﬂg'aﬁ@%ﬁper
adj ust ment. of t ng in the final pharmaceutical 10 conposition

nodul at i oRabforamseefdhe divalent| rpetatearcararteulady pmxsrrﬁ@dnciamn@rbtﬁmoph%amét ers
h |
such as, 9?]8:‘?@%598 K BORE grtgtotrg%ag ?er&'rﬂ&af‘sonesm h%r‘i&%y%ﬂﬁ@rca

stablllty, ysical sta I'n vivo fel'eas? €cr easi ng
t he initidhCh@aremost prefaeeds ﬁeeﬂeraﬁly,tthe dwakemmeial Zmd/or d iZalenb metatsaits

f|xed p LS: 4C y uIaIin acetate c ent reased
contenq l(;'p g 'gt gﬁé'rr@%} %g'cgl cp P8\/‘8Pre'ﬁ'tp ﬁéns%lmcep€9 %érot"ﬂeWSl cal
st abi | i t y0.8005cgmie@saitbutBUnmgm. owaeaehateepfémmmhé eGSR Metaebhaetr on
the pH an easiar?g effect on th In preferred enbodi nents,

sai d phar %8U{|'@§ Dsint | ¥ cB W%‘"é’é‘“ﬁﬁ' M"M%t'% xiuPEesedtis Pendi on or

sol uti on. coHEERGalise FOR ab&yte@bu%g/%l&e dHoRY TP il aMEﬁé"tRQfe?ébl?'éé%&i“ ng a
GLP-1 agonist effect, said method conprising contacting a receptor of the

GLP-1(7- Psrrageytica samuosition aanmrisesrmpibien wherein saidrdilopnt eompdsasya or
di I
i ndi r et e}\ﬁfce%c?rlllg ddee {a%régahggu%elﬂﬂgn S’l‘fHe %ﬁ%ﬁ%%{ e?ép!‘ilg? yste:inle

GLP-1(7-36) resent In an ani nal
pri mate, watee preferabl y a human bei ng 25 Thus in thi s enbodi ment the

pr esent |nvent|o vi des t ha eliciti a effect. froma
GLP-1 receptor” ughg 58?'"“?%11%%5 HHP@%?“%HP‘%‘?{“B% gn bii@‘eé&ﬂ{'mf@?%ri ng
to said sajijedﬁntmeteﬁaﬁ@/b't doalert méel salstmreimmmm raVle)‘f%iam sapPdi
conpositi on co gs an effective anpunt of G.P-1 anal o

phar mace @& shtalgntemetal ;andier QtY\a'enéGT‘ﬁtaé saltenesid P G?Uﬁﬁa' t he
f or egny neom&m;n &RigHs R %brdxﬁnétehwamoaéadrbﬁhﬁa@exw1th PRéfeRdbly,| sifd Of

devel opi ng, a disease or condition selected fromt
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ratio ranges from approximately 5.4:1 to approximately 1.5:1. Even more
preferably still, said ratio is approximately 5.4:1, 4.0:1, or 1.5:1. Most preferably,
said ratio is approximately 1.5:1. What is meant by approximately in this aspect of

25 the invention is a ratio of 1.5:1 + 10% each target value, thus expected ratios
include ratios encompassing, e.g., 1.35-1.65:0.85-1.15.

Preferably, said pharmaceutical composition comprises an aqueous
mixture, suspension or solution, wherein said analog of GLP-1, compound of
formula (1), or salt thereof is present at a concentration of approximately 0.5% -

30 30% (w/w). More preferably the concentration of said GLP-1 analog and/or salt
thereof in said aqueous mixture, suspension or solution is approximately 1%, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,



group consisting of Type | diabetes, Type |l diabetes, gestational

di abetes, obesity, -12- excessive appetite, insufficient satiety, and

nmet abol i c disorder. Preferably said disease is Type | diabetes or Type |

di abet es. In another nore preferred aspect of the foregoing nethod,
said subject is a human afflicted with, or at risk of devel oping, a disease
sel ected fromthe group 5 consisting of Type | diabetes, Type |l diabetes,
obesity, glucagononas, secretory dlsorders of the airway, arthritis,
osteoporosis, central nervous system di sease, restenosis, neurodegenerative
di sease, renal failure, congestive heart failure, nephrotic syndr one,
cirrhosis, pulnonary edema, hypertension, and di sorders wherein the

reducti onqgh, T g, apt/akfa% ﬁé%'%@%, ok 28RS0, SrROTBY, 959/l N & W”a'

10 ner vous systenj I"dtTon’ of ‘neur ogenesis, "a :
Par ki nson(w/\Di N@aeerefe\ram«mthelcbsc@xtsaﬁmmf slauLmGLﬁ’gt anabgmm#alssalt messof

yocar di ot S8 AU SREHER DB RN DR R 25 A e S i i B
by an aﬁgdovﬂenW1t43%b1e5§“m?aﬁmm‘i/§@?ﬁ?§2§/{’ oty i‘:ﬁm’/&mé@f“ et ire
c%ange‘gl ﬁ&%’e Q%Qreﬂ?@é‘g{%gfyﬁﬂ 0 ed?%ﬂﬁ?t“f'é“%Pﬁ?%‘H}%‘@i‘f ggil-ﬁ’ sLepplegent

urinary SQﬁdféﬁ‘sﬁﬂ(ﬂ{eﬂébﬂﬁ sa%&@?&jdéesdhﬂd?ﬁ%bp@ﬂi%étélm 079@%""5%3&%0'5%
conditions or_ disorders associated with toxic &?r volem a, (e.g., renal

failure, E¥n§S%st19%. Ad&.t23%,i P3%e 2470 ptft 6t P62§yﬁn streEven NWGSW@fefBGIIYrmnary
edena, an@tuhmp@ef;&;bﬂt%bn q‘?%}%é{ﬁélb o‘P‘(?LrPH %th%?e%?llﬁ %Riré(%t%o%r ess,

20 nephr opat hy, ventricular s tollc ystuncti on, abnor mal
| eft vent solutivmis approxinatelyr t6t 2%1)3%,gﬁ%t 1566, %sﬂD%aIZZM sZi’r%IeQé%s Qﬁ% as

d arrhea, b t
e 8 oP 2R B0 18, PR RaTl BR oBRrralh 2 iy Sllad PR
gol ly_ne_ugI opad/by saCitdeof &y shienagueousl @d‘mmd rggsyapmgmelfysy%drzwesf %FHB?),% |
sl i pi de , 0 n ti e jnjury cause reperfusjon o Q0 ow
F5T1 oni no2bBiess R il B GRar mER 6 racandle Sl Wings o Cotremtistons
syndr one. ofl fb@t @d% td analt 4xpach 59k dflke itangehVAR@. istthe dddventapge f(Rat ur es
a method of converting |iver sten progenitor cells into functional

pancr eat i @xaBples 0.85 t8rbo%nis Appextaate 1 %defos tagehtconaentiations ef abrutat i ng
bet a- ﬁel |50 Qld f‘nﬁffh%?' Sy, &fthéqgﬂe?%ldégtselﬂeWe%ﬁQB rghgé"?fofe‘kﬁhﬁlé’f@’/o to

norep|nep er|ne i'nduci ng aninotropic response a i ncredsi ng
cardi ac cb?ﬁ’orlaapptanyate@ﬁ@%brOV| ng nutrition via a non-alinentary route,

(e.g., viaint bcut Qus g % ritoneal t her

i njection or ’S%ge aB&nm?s#‘] elnﬁaf?n OB\[A sﬁﬁ@gt k?§6w§ﬁﬁn@£qg ?f Ggﬁdﬁr go an
endoscgpl@r sHiohethufas th@pﬂamﬁadﬁvﬂuémomm%ﬁdmbmut des { wefgh5vo|um§91aadbj ect
in need t ereo ng, adm nj st er subj ect a
for mt at 108 BeeF a0 06 TR hEERTH GrieaiHa 9 S OSAeBE restal gadlarBhiarers o
compaynd bt %ram:é %bbhb 191 aMBF@bPaéwy 1213 chnéemmt @bﬂﬁb@éjhbum@neof
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(weight/volume) and the molar ratio of [Aib®*°*]hGLP-1(7-36)NH, or salt thereof to
said divalent metal and/or divalent metal salt is about 1.5:1. More preferably still,
the concentration of [Aib®¥]hGLP-1(7-36)NH; or salt thereof in said
25 pharmaceutical composition is about 10% (weight/volume) and the molar ratio of
[Aib®*°JhGLP-1(7-36)NH; or salt thereof to said divalent metal and/or divalent
metal salt is about 1.5:1. Most preferably, the concentration of [Aib®3*hGLP-1(7-
36)NH; or salt thereof in said pharmaceutical composition is about 23% or about
25% (weight/volume) and the molar ratio of [Aib®*hGLP-1(7-36)NH, or salt

30 thereof to said divalent metal and/or divalent metal salt is about 1.5:1.
In a preferred embodiment, the concentration of the analog of GLP-1,
[Aib®*°IhGLP-1(7-36)NH,, or salts thereof in the pharmaceutical composition is



Figure 1 depicts the plasma profiles (nedian values) obtained after a
single 10 subcutaneous (s.c.) admnistration to dogs of approximtely 1lny
of [AI b8 35] hGLP1(7-36) NH2. I n each case the peptide was adm nistered as an
aqueous zinc conposition conprising approxi mately 1% (wt/vol) peptide and
having a peptide:Zn nolar ratio of approximately 1.5. Filled squares and
open squares represent conpositions ingsich the pHis adjusted with NaGOH
as described 15herein; filled triangles represent a conposition in which
the pH was not adjusted with NaOH, filled circles represent a conposition
in buffered with AcOH AcO-. Figure 2 depicts the plasma profiles
(medi an val ues) obtained after a single subcutaneous (s.c.) admnistration
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vari ous dﬁv ces useful in preparing certain fornulations of the present
invention.“5Figure 5 depicts the plasma profiles (median val ues) obtained
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GLP-1 or salt thereof, e.g., the compound according to formula (I) or salt thereof, is
released within a subject in need thereof, e.g., a mammal, preferably a human, for

25 an extended period of time. Preferably said release of said compound extends for
at least one hour, more preferably at least 4, 6, 12, or 24 hours. More preferably
still, said composition is formulated such that the compound according to formula
() is released within a subject for at least 36, 48, 60, 72, 84, or 96 hours. More
preferably still, said composition is formulated such that the compound according

30 toformula (1) is released within a subject for at least approximately 5, 6, 7, 8, 9, 10,
11, 12, 13, or 14 days. More preferably still, said composition is formulated such

that the compound according to formula (1) is released within a subject for at least



(1) (A b835)hGE.P-1(7-36)NH2 HCl salt with CuCl2: the nolar ratio of

(A b8 35)hG.P-1(7-36)NH2/ CuCl 2 is 1.5:1. The peptide concentration is 10%
(30 M) in water (Ww wth approximately pH5.5. (2)

(Alb8' 35) hGLP-1(7-36)NH2 HCl salt with ZnCl2: the nolar ratio of

(A b8 35)hGALP-1(7-36)NH2/zZnC 2 is 1.5:1. The peptide concentration is 10%
(30 M) in water (Ww wth approxi matgpy pH5.5. 30Figure 9 depicts the
full time course plasnma profiles (nmedian val ues) obtained after a single
subcut aneous (s.c.) admnistration to rats of 0.3ng of (3 pt of 10%
solution) of the GLP-1 analog acetate salt test formnulation:

(A b8 35)hG.P-1(7-36) NH2 acetate salt with ZnCl2: the nolar ratio of

35N 0S. 3Bl 903G 4GkekeS b InordBrdieRblylosaanes bR o 10%

(30 MM in water h appr oxi mat el
depi ct s t fsmedatey suphéhabbhes@orppam:h apc@ﬁunget) {omewiiaadl) \P?al'Qlea$ed)mlthlmad

ft t f 0.3 f (3 of
0% sof ut PAAPE PHACHLSERHO airBadih, 3H2lRP s MohBR, BOIKBET o guretas
depicts the ealnl 9ne|aspecbnf e M\&aman,pme‘ rﬂaeislla(ttﬂsadmfamevedalue:s)\teabtoﬁithed

f i t d tion to rats of
1 L ofS 10R-EGT BEPTS BRCBn T8 PrPERRGT AL HEERBAN I FD5ar Be SO o 12

depi cts t hed aisé lstmiimsd apané e1tRg ep@itideAahAog & h@%héfrﬁa@&)tmbt eamrgegﬁbﬁl ng at
n sjte of rats after a single subcutaneous

the injecti )

admi ni st rﬁ'P‘?cfH"tB?"@O@nﬁrWd‘issaﬁ I'_mBTOVS?U%”édP’httthW ¥fvor ﬁ@e@‘Fﬁ guotiles by
forml at | g8§ea&iAYAnd ﬁuthlBHFs‘i‘ 8. Detailed Description 15A preferred GLP-1
peptide, to be u?m lized as a peptide salt of the invention, is denoted

herein by the The Wording “medrtations means(inithis' BBEhFthe(invesjos-adjusiment t he
et ot padierdhle Rl Sl hA TR B o FRIGTPAR e BEl BRI R BIE: W 26
and G y381 mnaloGlfet i) saltfaomi s t he abbreviation for a-am noi sobut yr| c acid.
Th bbrevi ation G.P- a on-like tide-1;. h ans
urman ol ucagorE Yk Eope e READY. FRPHIREcRY Db enarecsiticahtongeShen

par ent heSlS% s&it of hVQrdch%n@LU’ft@fet@fa(ﬁdn SOcHAsHdEs OF 86&Btes &F $418 pephbé &f

(e.qg., P-l\%ﬂg refers to ami no acids 7throue%h 36 of the peptide
sequence Urin@ail pharmageudieal earorositinn the auefate_arohlgrides;is peepang

Mbj SONs g fikdlimoldr rdtiBRIfidBttE BF BhdriBE o saieomPiithd BRormda (3f#r rahB8s

from approximately of 0.5:1 to approximately 10:1. More preferably said ratio
ranges from approximately 0.8:1 to approximately 9:1. Even more preferably said
ratio is approximately 1:1 to approximately 6:1. Most preferably said ratio is
approximately 3.0:1 in particular 3.2:1.

20 In this aspect of the invention the molar ratio of acetate or chloride to
peptide means the molar proportion of acetate (CH;COOQO") or chloride (CI) in the
pharmaceutical composition to the molar proportion of the peptide in the
pharmaceutical composition. In example for a molar ratio of 3:1 in the
pharmaceutical composition, acetate is three times the molar content of the

25 peptide in proportion. This is a stoichiometric ratio of a compound compared to the
other.

The wording “approximately” means in this aspect of the invention a ratio of
1.5:1 + 10% each target value, thus expected ratios include ratios encompassing,
e.g., 1.35-1.65:0.85-1.15.

30 In additional preferred aspects of the invention, the pharmaceutical
composition pH is adjusted by modulation of the acetate content of the
composition. Preferably, the pH ranges of said pharmaceutical composition is



25 designation "N -12" in hGLP-1(7-36)NH2 indicates that the Cterm nus of
the peptide is amdated. hG.P-1(7-36) neans that the Ctermnus is the free
acid. In hG@P1(7-38), residues in positions 37 and 38 are Ay and Arg,
respectively, unless otherw se indicated. Particularly preferred G.P-1
pepti de anal ogs used in this invention are in 30 the form of

pharmaceutical |y acceptable salts. Exagpl es of such salts include, but are
not limted to, those formed with organic acids (e.g., acetic, lactic,
maleic, citric, malic, ascorbic, succinic, benzoic, nethanesulfonic,

tol uenesurfonic, or panmobic -16- acid), inorganic acids (e.g., hydrochloric
acid, sulfuric acid, or phosphoric acid), and polyneric acids (e.g., tannic
acid, car leul td.g I i €2id0 s of
ol yi acti Com BEL Y to 28] 01 S Slafaiiy <o 17 ARHE X S BhaRRReliEL D
of the presmpesilioncatirom psl Wed ItokhdwrMpst preferably saitl ¢doh rBagss adceaigl i shed
by standa . eX: ingly, the TFA salt of a

pepti de Opg?ﬁé%gggaelﬁc{on?pﬂdvsitwﬁﬁgEr%?r?ﬁféi %Xé’égﬁz{‘_&r esults fromthe
purification oPrdferabpepbdiatddifyy thes pharnpacspdicalt corapbbitich tied wicetuge wiohtentFA
cont aiii ng] byf fer sal 1'1'59' ondi can be converted into another salt, such as an
acet at® s31% H5/NGieSSH iyri’(fjfS NELAHGAYE in a small amount of 0.25 N acetic

acid aqueous skl ¢id embodinGeritetid ;mmﬁtﬁ@séialmﬁr@@céﬁti@mbh@@sﬂien%é@aﬁa- prep
HPLC col um (Zorbax, 300 SB, C-8). The colum is eluted with (1) 0.1N
ammoni um BEER3%EE R8O 8l RARtKIE Fad-oftarsanplgg of GhPd. haingadew @cstate
aqueous sgi i bodtaldEorlett BY Modffiloh B) aBelaldiedtelt adi ent (20%to 100% of
solution B over 30 mn.) at a flowrate of 4 nf/mn (solution Ais 0.25N
acetic acid adneueterss embodimeants.uadjestrnt of the2pl indke fioabphatmiageutical
acetoyjtr} er o1 :20) t] C i.ni ] de.are
ol | o et RS ) todliigRlor, A0Gald BFRIRICORNE efldys IipBiBlon L
skil | ed ipaehetenst sutineagkntven mepdidpotentdratationethof zibk Pedncargratian] ¢de and

mul titudi nous. (See. ..ToO F...,et.al., ini.cal Science 99 95.. pp.
S5 300, Iiisgaabye e phibical Blabfie anc b idreigrecpralle v Serestngar i on.
20 1997, Ré.inipalhadst 536). Thus, the adm nistration of the conmpounds of this
i nvention for Burposes of eliciting an agoni st effect can have the sane

ef fects and udBLNesasnest of thesipventionh€g @rkat pertentisdixed, eHps coptglleskby

sumre{g zefoasiafing | #1865 adeiftet EBAlen®f lﬁ%@%séd?k?ﬂ%ﬁ?%f T¥BEtd ! sﬁ&ﬁ?eéﬁs’

obesity, glucagononas, secretory di sorders o e airway, netabolic
di sor der ,imprevamentson ¢ha solpbilitysand the physitalnstabititysarkb degresead dostend ef,

rest enosi f rati i ilure, tixe heart
ol ure, SeiAESHRRRIT bR FarBTRe oAl abfho Sl Rl YRRl her on

di sor der s wherleiprefenedr esibodinmantsf sdid qgsharnmaketidat cdagiositidn asnpedds as t he
vari ous ot her conQ{ tions and di sor{j irs di scussed herein. Accordingly, the

present i FHHERUE SAPSURS HFRENIPE 9T FOIUI8Nscope phar maceutical conpositions as

defirppd 30her e @esEAht ShidhtionS afid BFVIAES fEIIRCRIcEd of aRftRgUAdGeP-fornul a
(. The dosage of active ingredient in the forrmulations of this -

i nvent i orRYRRISt LRfTaLhr Paid; Medird, CoMATisings caetestBary resetor 1d thiroGhP-H7- t he
active | rw)ﬁljl'g‘ﬁa.%n@%itﬁ%@LPﬂ%ﬂa&BQ%.s@ltSﬁ%r@éﬁ'd?regfﬁggr@ﬂréct ot ai ned.  The

sel ected dosagfe epends upon esired therapeu ect’, on the route
of admi ni stratihdhe farepoing thethddr saidoreasptarhef thee &LURn(7-3Q)NH N bgamd liy wi | |

be determ .att i Qg Leian,. | r al ef fectiye. dosage
For the DEEFehtH ab SyRb R RRR BRSI Prmal RS Beresfly 2y GEoh BEirGos o
my/ k@bdayhhusr af thislelmbobiihentithieopre8entripvkgticlaprovides h raathold eofasligitingsarer ed as
a single dose,o ivided into nmultiple doses.. The formul ati.ons of
This | nvedPNEhape! FBrLPLBT ] "SRR 11 PuboPdIRest Lerap! WG Comprises
: 'nL r anmus eidhahisteringntor e isubize al dompdditic A e B flsYant SHRSGHOAN QPiesdid safd t he
i ke.
composition comprises an effective amount of a GLP-1 analog or a
pharmaceutically acceptable salt thereof. ‘
30 In a preferred aspect of the foregoing method, said subject is a human
afflicted with, or at risk of developing, a disease or condition selected from the

group consisting of Type | diabetes, Type Il diabetes, gestational diabetes, obesity,



Preparations according to this invention for parenteral admnistration

i nclude 10 steril e aqueous or non-aqueous sol utions, suspensions, gels, or
enul sions, provided that the desired in vivo release profile is achieved.
Exanpl es of non-aqueous solvents or vehicles are propyl ene glycol,

pol yet hyl ene gl ycol, vegetable oils, such as olive oil and corn oil,
gelatin, and injectable organic estersqsuch as ethyl oleate. Such dosage
forms may al so contain adjuvants such as preserving, 15 wetting,
emul si fying, and dispersing agents. They may be sterilized by, for exanple,
filtration through a bacteria-retaining filter, by incorporating
sterilizing agents into the conpositions by irradiating the conpositions,

or by hea e Si a I form
of steri| o EehacaBhERES s fltiont Sty Sand i haBe | Rkac, R By B O
some ot hefdissase s Bypeol dia!)@esabﬁepaébﬂlahetemdl ately before use. Synt he5| s

of Peptides 0 acticin pr e i pvention
can be and Werlg %r}oet% §Hog?e§?rg%§§gb ét ({f tﬁé 5?8'“89'5?{9‘88 3?/@ i) qd s Lee,
e.g., Stehaman afflited with26r af risk Sf)ldledele&t@e a&ﬁ@ém ssleéiaderr@m tGeegroqp! Co. ,
2d ed._ 1984 es des CJ’I b nt heti c nmet hods t hat

f
can be® anﬁo'%/ﬁé?t@gu%feﬁ'qeo' dlﬂﬁﬁeﬁ%@%ﬁxﬁg&tﬁﬂ ? Uélg ONREASN SEPTFIRIML i on
may advangigeriuslof the dfant Iaﬁﬂmnsv\/esrebpsw%ﬁéﬁ%n@rambhm@ stermBdibedgown to

those skilled in the art. Oher nmethods are al so known to those skilled in
the art. TEsENSsisphegodegenarativaldisease. Jenehdaipiiepssagestivel heattr iilueh and

are not ”ﬁéﬁﬁrofl@ s!yhmérgéh%rﬁ\%%%e &flm%h%rypr éﬁ{ét %@%ﬁb@t a'd?\daméo?ﬁé}ger'

-18- epti such as be o ined wt
differ enthgmmﬁm rsedrdnmm0f wodriotekedk desieet!, |and|saes®0t dishidein orfrﬂye centmali se

final,pre d r 0 ,Ying or
ot nor 1Gir s ous SL88eE o g AR (RoudBR T SRRl B s pur kR ¢ "
Oﬁm)tl c e&shaageMﬁhdup?f’erDlaadsé Hilintingtonat |Db$easreuld,ﬁf?es&uké apioh, ][Tehbods in
this Invention t uri or s ct. t Ige In aifferent _salt form
Bocaal a. ERrORENEHS SylerBiness, bl b RYB OGNS T orer e p U Br orn
Nova Bi ocfegiicingathd m@ﬂ)td1§3|dﬁc@émlrﬁonﬁw AspcltbavahePalitd)asarbker ogafachem
King of Prussia, PA Boc-Ava-OH and Boc- Ado- OH were purchased 10 from

Chem | npeSOTPRRRY: pidremel (e 9w shamgterized bypae - mncmfm@sw@mﬁ)cwgwdf%m

Synt hgf ec u tions
uged 1rafjfar elmarg% a@%%ﬂrglcm tabol %rChtgﬁg?él h’)ltg?car @gnWBcﬂ:g%r olgt;'gn
fluori de, Calﬁ\ohmopﬁmwwsuﬁmtﬂmmammmym exgretiong exbessivg urinary pbtﬂsslumyl
DNP f or 2 thylfo m 1 f.or

@ chl o one%‘*h%h@%@%‘?%‘dff%&S&@%%[%S@%@ &4 WP 650, REMBieniil 5.y

ur oni um hrexaf Failore)pborgjehtve herEmilues, n&pmom cswdjmma/l cirrhosis, bi(ivorizoy
acetic aci TFA for trifl uoroacetyl c .acid

2-chl or ob 08 da M BRYENSIOR), ZPPYEYStic ﬁ’rvé%b%’ﬁ‘?yq”ﬁﬁyc@%wry HBYRSS: f or
0- cycioohengphrofathg, fieft Qentricuiar esydtors h%@ﬁdt?éﬂ”ﬂeg"’%‘ithf @bnormal left

N- hydr oxybenzotri azol e; PAMresin for 4-
hydroxyne\fem%nyqua@t@rhnfra@tmhygaqstéymestmal| disgders such as diarrhea,

g ;?g[‘%g%ye{ﬁw&g ggnhgggﬁﬁ%?&gfegé@ n@‘tll% -Q)'E)(?w%]lcgalnd ome, (i.e., via inhibition

ZhBi 3 (2- mfdlaomeiuwﬂepam motility) hy?tr@tymeehzl zglymewfpaﬁwar(%rkﬂ) SyFteenic :; rsn
oo o PR oA ARRRI S0, R L 10 P AN 55
same 2searbyngpesfusionmainblypod rfidev fdllbednd ysobemiaf amd dorarayy sieatt! diseasdeisiart to

which thi,ss jin bel ongs. Al so, all publications, patent applications,
patents Jﬂ%‘%ﬁ@bhﬂﬂ%@ menti oned herein are incorporated by

reference. 30xamPAditlonal aspect of the invention, the invention features a method of
converting liver stem/progenitor cells into functional pancreatic cells, of preventing

beta-cell deterioration and of stimulating beta-cell proliferation, of suppressing

30 plasma blood levels of norepinepherine, of inducing an inotropic response and of
increasing cardiac contractility, of improving nutrition via a non-alimentary route,

(e.g., via intravenous, subcutaneous, intramuscular, peritoneal, or other injection or



-19- provided in International Patent Publication No. WO 00/ 34331

( PCT/ EP99/ 09660), the contents of which are incorporated herein in their
entirety. Briefly, the conpound was synthesized on an Applied Bi osystens
(Foster City, CA) nodel 430A peptide synthesizer which was nodified to do
accel erated Bac-chem stry 5 solid phase peptide synthesis. See Schnol zer,
et al., Int. J. Peptide Protein Res., 4Q:180 (1992).

4- et hyl benzhydryl ami ne (MBHA) resin (Peninsula, Belnont, CA) with the
substitution of 0.91 mmol /g was used. The Boc am no acids (Bachem CA,
Torrance, CA; Nova Biochem, LaJolla, CA) were used with the follow ng side
chain protection: Boc-Al a-OH, Boc-Arg(Tos)-0H, Boc-Asp(QcHex)-0H, Boc- 10

Bocct o i T GhorBaealiih ot o geRRbar BiobtopRP FRSRUUEE a0d) on,

BocPhe- O—pf m@dmammxglmm u¢\@isie i) -e0subjedt Bocndeg (thajecdH.saithend&@bodgr oups

ot ) wor S0P ¥ink RPN IS sl Shdeg: mnlsriulbuin Dy BlesBl RS, {oi ”

15 DWF andompnsngwmf&dtuve ahouint pfa@bmwwhdaiflfam’aulal(u)@f atprarpapéititaiiyesi n

TFA salt u I|n i e t for the Boc-Ai b- resi dues and
The T | oarcaranie bt e eat Froterabl 54ty SUbier! s o2 TP RANCR LY 8110 ne
coupl i ng pﬂMbw Brirhatt) Widre p‘héfetrétﬁy%nniatn‘unid?ebaﬁgenbl y of the peptide

chain, the resin was treated with a 20 sol ution of 20% ner capt oet hanol/ 10%
DIEA in DVF for 2 x 30 min. to remove the DNP group on the H's side chain.

The N-term nal Boc group was tg)eR OLER Ahb ) t wwth 100% TFA for 2
X 2 mn. After neutrahzatmn*o&rh'e—p%'m‘r@g—resrw - bie h 10% DIEA in DMF (1

x 1 min), the Figurey1 dgpistpthenplabimasirdtiies tfaiedian valugs)widainedaited atgingle

T i a Cha e SR R R e e e e

reduced pt@s38)Nei,. Theeédl'ﬂalasetltEaquﬁldwsvadoa@mWSteted misngn tdyicoept ride- resi n
in 10 M of HF contalnlnglm of an@ hlothreltol (24%) at 0C
n t/°ro

for 75 m TPMRPSHL TEHHORYNGy 2RPFEXiRA )Tlﬂ?pitggl &d fingshed
with et he;ﬁedt@e)znl@ncﬂbn) ratitd of Hph s limdtan t1"'5 4W|M%q(15ré§ aRd dben S§Udres

peptide mxture in the aqueous extract was purified on reverse-phase

pr epar at i "\PEreReHh qonaRasitians| jnguhiche e it d@r%@p‘#}ﬁe@ HP‘II'C)NQ@Hn@S Ldessiibed e
phase C?VY[W&EW fﬁ%@ tﬁf’ﬁgﬂé@ réd\‘@%nt% %U BW\@ R faers) hine MM way]'E)tov él?g{?%S

elute - 20- ear gradi ent ( 0% of solution
mn.) at with Ne@H:dilled sircles represent 4 Som;vosmnnm buﬁ@'edrw:tfo/hc@HMq:@ 0. 1% TFA,

Solution B = ril Lnin f,. TFA tlons were.cqll ected
and checked on §H%n%/%jee'§fs ﬁ%ﬂ@fg cgggﬂgg,@ﬁpﬁn \ffhlﬂ) ?'88?,8{"9{',\&3@ Brbi ned
igg Iyop]t'sdbcu&nhebosdr(yne)s%drﬁugls&ra@ng e%ardpbe f %ptdgg&a&l;ﬂgwhlrﬁga:mfrppun?
o] t ai urit ased on anal ytica
FPLC anal Gl e hEL S SiG, Tasadt sase: bire Replineys) SGmaRrY: S5gabe ¢ ne
rml ecuyl ar t (o r
o sA 2 Yt o Sy, 0% WM i

St ock Solhavingha, DQH!M@tm@lﬁé ratip & appreximately zAcFilled\equdrpelanst epemand
hydr ochl i i eac o]
Soai WP Epreat SHRIRSARRE. BERcH? ThESBYIRr AL B NS AE,
Braun Mediesatibe®aeoain;ofiied tﬁpaghes repreSeot A ®0’|pﬂsntmnsln ieich xhepll ®as mieit3:
adjusted with NaOH; filled circles represent a composition in buffered with
25 ACOH/ACO-.

Figure 3 depicts the plasma profiles (median values) obtained after a single

subcutaneous (s.c.) administration to dogs of approximately 1 mg of [Aib®**JhGLP-
1(7-36)NH,. In each case the peptide was administered as an semisolid aqueous
zinc composition as follows: solid circle: about 5% (wt/vol) peptide, peptide:Zn
30 molar ratio about 5.4:1, no pH adjustment; open circle: about 10% (wt/vol) peptide,
peptide:Zn molar ratio about 5.4:1, no pH adjustment; open square: about 10%
(wt/vol) peptide, peptide:Zn molar ratio about 5.4:1, pH adjusted with NaOH; solid



1. Wth stirring, add 35%iCI to WFl to achieve pH=3. 2. In a
volunetric flask, transfer a weighed anount of ZnCl2. Wth stirring, add
pH=3 HCl to achieve a final concentration of approximtely 1-4 ng ZnCl2/ m .
25(1i) Znd 2, pH=2: 1. Wth stirring, add 35 )/0HCI to W to
achi eve pH=2. 2. In a volunetric flask, transfer a wei ghed
amount of ZnCl2. Wth stirring, add pHs4. HCl to achieve a final
concentration of approximately 4-12 ng ZnCl2/m . 30(iii) NaCH 0.1 to 10
mo/ m : -21 - 1. In a volunetric flask, transfer a wei ghed
anount of NaOH. Wth stirring, add WFIl to achieve a final concentration of
approximately 0.1-10 ng NaOH/ nil (iv) Freeze-dried 20 nmg al i quot

(A b8. 35) b e LBodOIOKTWAR) peplde FBaRREEPrRI4H Wbkt 81l BH Suagacet i

acid and rret ric transfe I ghed
amount of WthiNgg) HGLP1( 7- 36) NH2 (acetate salt). Wth stirring, add

fficient 0O.04% t jd.t rati. t .
(Al be' 35) HaLp- LEVSE) Rieiee ar St bienldteh, 8 PRl Bbiels sty 2
nm cron f|bteegxasmgbe:ftbiref]?rrqulatwr&@bftéiemresémtmvéehtmgre tranffe{reddlozo -
I hi t ree ried an stored a
Oy PEese. dri BHUB SRS flrbl ke S psams ol RiehRginat FHE aSingié
1. Prepareutec@ariéédsv(/s\c))@Hrhwstmoﬁfto@@grswaaptdiuﬁ@«ély\/\th 0 émb“s hGLP- 2. In

a volunetri_c flask transfer a wei ghed anount of (Aib835)H 36) NH2
(acet ate $E-3§)NHay The Peplide wgs mnwrﬁﬂ&sanawwm %maewaom bawmng the

15 final § papha Eaﬁéémratngp%@awuﬂmbéﬁéla'i@pﬁ’d%% r%ébawlrgﬁd%famt hay ng

filter sterilization uots' of th ution are transferred to
| yophi | i zat i onFigleg € depitts tr@;zlesmau maflle@)(n@ejiaruvaluwmtame(i|a)fte1ra siegler mi ne

agglt al ?%@%]ecfuqugw Qémﬁlxéﬂa?loﬂntto( %o forofa éb%?@ﬂ&'a&él?” 15 mg( Aéfx
[AIb®*°hGLP-1(7-36)NH,. The peptide was administered as a semisolid zinc
composition having a peptide concentration of about 25%, and a peptide:Zn molar
ratio of about 4:1.
Figure 7 depicts the plasma profiles (median values) obtained after a single
15  subcutaneous (s.c.) administration to dogs of approximately 15 mg of
[Aib®*°]hGLP-1(7-36)NH,. The peptide was administered as a semisolid zinc
composition having a peptide concentration of about 23%, and a peptide:Zn molar
ratio of about 1.5:1.
Figure 8 depicts the full time course plasma profiles (median values)
20 obtained after a single subcutaneous (s.c.) administration to rats of 0.3mg of (3 uL
of 10% solution) of the GLP-1 analog HCI salt test formulations:

(1) (Aib®3)hGLP-1(7-36)NH, HCI salt with CuCly: the molar ratio of
(Aib®®)hGLP- 1(7-36)NH2/CuC12 is 1.5:1. The peptide concentration is 10%
(30 mM) in water (w/w) with approximately pH5.5.

25
(2)  (Aib®3GLP-1(7-36)NH, HCI salt with ZnCly: the molar ratio of
(AIb®3)hGLP-1(7-36)NH./ZnCl, is 1.5:1. The peptide concentration is 10%
(30 mM) in water (w/w) with approximately pH5.5.

30 Figure 9 depicts the full time course plasma profiles (median values)

obtained after a single subcutaneous (s.c.) administration to rats of 0.3mg of (3 uL
of 10% solution) of the GLP-1 analog acetate salt test formulation:

(AiIb®*)hGLP-1(7-36)NH, acetate salt with ZnCl,;: the molar ratio of
35 (AIb®*>*)hGLP-1(7-36)NH2/ZnCl, is 1.5:1. The peptide concentration is 10%
(30 mM) in water (w/w) with approximately pH5.5.



E = excipient in ng A = content of pure peptide (ng); 25T = target
concentration of the conposition; e.g., 2 if target is 2% and P =

concentration of pure peptide (ng peptide/ 100 ng formul ati on) Wth
respect to the total volune of excipient, the assunption that 1 ml =1 gis
appl i ed. (ii) To determ ne the volunme/weight (W of zZnd 2 to add
to each m or g of 30 conposition soluyson: a) WF100% E for conpositions in
whi ch no pH adjustnment is nade; -22- b) WEB0% E for liquid
formul ations in which the peptide is about 1% or about 2% or up to about
10% and the pH is adjusted using a base; C) WE50% E for

sem -solid or gel fornulations in which the peptide is about 1% or about
2% or up to about 10% and the pH is adjusted using a base; 5d) W66.66% E
for sem-solid _or gel formulations in which the peptide is about 25% and
the pH is adj usigete 18i aepietsbtheeearly time course ple;mwgm%es troediaorvallies)i ons

I n which fro ze-dri.ed, prepar on and
the pH i SBQ%j uspéfgequs“ﬁare :ﬁ%g@géne% g(zsc)a m1ms¥rp IR E?é?é’? ﬁﬁf& ﬁé\é k

vol une/ weogt%(sdjutioh) bittbe test fatidulatioe@ehowh iMFigaré8. 10conposi tion sol ution:
a) W20% E for_for Igélons In which the peptide is about 1% or about 2%
or up Yo aboutFigH mziﬂ eResphe; earkyfime eaUigei Mgsmapprgliles (median values)p)

WES0% E f I t | out
Tor o abopieRRil af a‘f‘?%'@;“%hﬁa‘{‘%%ﬁ%b"%"‘"”'s}“’éﬂﬁﬂﬁ%ﬁzﬁﬁﬁs i of &3, 860"
e

15¢) W=330BH% Eofusions efihedestifarmonlatiens showmiraFigors9i n whi ch t he peptide is

about 25% and u bas 8,3 ) E for

formul ati (:)ns |$1 g\%elmjﬁ ??@g%epel ggtﬁé@eﬁgﬁg{mﬁ% 8% ('?"rb S)I&G“g 1&?68[\’%

pr epar at i mnnaantdgt laé {hid iisjeatitrussitd mfsmlg aﬂbase smgle subgutaneb(ljm_) (s.&zr.g ]
gg:rgcr) (ﬁ{lhlml r%rtllgﬁncgfrg tEslrncg)gno 123 %lrl]_dm2 6% solutlon gp the three testufso(?mulart]ions eac

shown in Figure 8.

Detailed Description

15 A preferred GLP-1 peptide, to be utilized as a peptide salt of the invention,
is denoted herein by the following format, e.g., (Aib®**)hGLP-1(7-36)NH,, with the
substituted amino acids from the natural sequence placed between the first set of
parentheses (e.g., Aib®* denotes that Aib is substituted for Ala® and GIy*® in
hGLP-1). Aib is the abbreviation for a-aminoisobutyric acid. The abbreviation GLP-

20 1 means glucagon-like peptide-1; hGLP-1 means human glucagon-like peptide-1.
The numbers between the second set of parentheses refer to the number of amino
acids present in the peptide (e.g., hGLP-1(7-36) refers to amino acids 7 through 36
of the peptide sequence for human GLP-1). The sequence for hGLP-1(7-37) is
listed in Mojsov, S., Int. J. Peptide Protein Res,. 40, 1992, pp. 333-342. The

25 designation “NHy" in hGLP-1(7-36)NH; indicates that the C-terminus of the peptide
is amidated. hGLP-1(7-36) means that the C-terminus is the free acid. In hGLP-
1(7-38), residues in positions 37 and 38 are Gly and Arg, respectively, unless
otherwise indicated.

Particularly preferred GLP-1 peptide analogs used in this invention are in

30 the form of pharmaceutically acceptable salts. Examples of such salts include, but
are not limited to, those formed with organic acids (e.g., acetic, lactic, maleic, citric,
malic, ascorbic, succinic, benzoic, methanesulfonic, toluenesulfonic, or pamoic



[ZnC12] = (136.29 x A)/(Wx 3339.76 x R) wherein: A = content of pure
peptide (nmg). R = nolar ratio of peptide/Zn 25R=1.5 for forrmulations in
whi ch the peptide is about 1% or about 2% or about 10% or up to about 23%

R=4.0 fornulations in which the peptide is about 25% and W = wei ght
(g) or volume (m) of ZnC 2 solution to add to each g or m of conposition
solution. 30 -23- As used hereing. a fornmulation conprising a

per cent age of peptide describes a formulation conprising a weight of

pepti de per total weight of the conposition, e.g., 1% peptide, describes a
formul ati on conprising 1g of peptide per 100g of total conposition.

Formul ati ons conpri sing about 1% or about 2% up to about 5 10% pepti de

wer e prepargs ; b ree hed .S I ] L bg 1(£=:36) NH2
pr epar ed gélege@é?d; leédgﬁrs e@ffbﬁgg%hgﬁ 'r%idg%)’ g‘\nﬁ{"ﬁfcaé%cﬁ r2§§%)g®ﬁ§o ﬂg 'on pH
3 at 100%od pokymesicalacisisci(pigenttanmit uasidancarbpepnettipt Zidllulose, Spdlylactic,

A 1% it i, X 0 f -dried . .
Chi b 50) BRGNS of CRpBVFRRL S igBlic bBafta @l A P Safinefifod aianaking) u¢ i on
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C) 10% coapeptitié @m%@bﬁés@hﬁW@ﬁﬁo@gth(@iwmgaﬁ%émtsffr]@glﬁ% %%Fiﬁ%bftfb;n% tge
Vv .

(A b8.35)HGELP-1(7-36) NH2 (see 2.1 above) wt

sol uti on PEPUSE3LYHSIAG Preparative BPLE) elitipgeayith TFA contaising bufferetp!gigns) des
and_sol utb&n%eweaﬁvé}{éoow it A DEGHHE ok Oarf WEBLHETRA BY i on\mg the
desi gnated vol unme of Zn( 2 solution was Injected into the vial contalning
t he freezeerfidectr deymaldamandt nf 828 Noaceticl avig dqueops sobdionf dhealesulting 20

Cnut ¢ 0 o . . g . %

ept i o col & BBt 4R, HECS chRafP TR, S0 S8 B 1<

Eygr a'; ed esldmhtie ehﬂéduwt?r(g) 3.1N am_ngfnigarhwmsagefaqlpeoms deluticﬁa_mfdrgw.\li hes., (2) t
ration e reconstituted pepti [ aken appr oxi e nut e.

The. appr ob?Pik ecdificaint sbbegns 35bien Tobfis A" Ry G B aredbnt ey, 25

e.g., 1001ed%adf soldtibrPBPévedte3cs Al i@ M6wRRateedf asmPRin SoRreAaguasg to a

1 ng dose, 50 ul of a 2% peptide sol ution Erepared as B above equates

{ . ] . ! 3 > Per ge
to a 1 mpPRiEcacid squgpuspsokitionnseletien Beissd Lok anetipragihinaceteniyip/Matahove
equat t&n- 5 e o i4a0 i he, J pst ant
appl iffat i %%?O%ngngk?ﬁggsi %&qtﬁg'%% tth%o%ﬁ'dgoatgfcfm?ﬁgaarargﬁnI?Es)p':‘)l pgjeg§i de
and ZnCl 2dnypesgshi eve conpositions other than the 1% 2% and 10%

conposi tions d/?é ?s' ngﬁi kRg\}vR% %?os%&lille%s inqﬁaiarrff th?(ﬁfi\%sa'nd potential uses of
GLP-1 are varied and multitudinous (See, Todd, J.F., et al., Clinical Science, 1998,
95, pp. 325-329; and Todd, J.F. et al., European Journal of Clinical Investigation,
20 1997, 27, pp.533-536). Thus, the administration of the compounds of this invention
for purposes of eliciting an agonist effect can have the same effects and uses as
GLP-1 itself. These varied uses of GLP-1 may be summarized as follows,
treatment of: Type | diabetes, Type |l diabetes, obesity, glucagonomas, secretory
disorders of the airway, metabolic disorder, arthritis, osteoporosis, central nervous
25 system diseases, restenosis, neurodegenerative diseases, renal failure,
congestive heart failuré, nephrotic syndrome, cirrhosis, pulmonary edema,
hypertension, disorders wherein the reduction of food intake is desired, as well as
the various other conditions and disorders discussed herein. Accordingly, the
present invention includes within its scope pharmaceutical compositions as defined

30 herein comprising, as an active ingredient, a compound of formula (l).
The dosage of active ingredient in the formulations of this invention may be

varied; however, it is necessary that the amount of the active ingredient be such



-24- 2.3 Preparation of conpositions with 1-10% freeze-dried peptide and
ZnCl 2 with a pH adj ust nent For mul ati ons conpri si ng about 1% or about
2% up to about 10% peptide were prepared as follows. Freeze-dried sanples
of (A b8 35)HGLP-1(7-36)NFI2 5 prepared as descri bed were thoroughly m xed
with a Znd 2 stock solution pH 3 at 90% of the total excipient volune. The
desired pH of the solution is reached Ry.the addition of diluted NaCOH

sol ution. A) 1% conpositions are prepared by m xi ng 20 ny
freeze-dried (A b8 35)HGP-1(7-36)NH2 (see 2.1 B (iv) above) with 1.8 m of
ZnCl 2 solution (see 102.1 B (i) above) B) 2% conpositions are

prepared by m xing 20 ng freeze-dried (A b835)HGEP-1(7-36)NH2 (see 2.1 B
(iv) aboveyatvh tyitdbRk Bbse %‘qbgalﬁ% ut +I'ﬂg é(%g@&?a dosB %I‘I e;?ﬁ%e)dpon the )

10% conposi tions are prepar ed m Xi ng reeze-
15( Ai b8' 38psi@Pthefapesdicnaiact, smethe rautg qfadministration, taindrdiberduratiorzoiGha

i | dd
necessary et ey AR b getsrming By BRRYRaTPYEE LT eBbrel"°
sol uti on & effebiievdodaye fbatf@mcmmeselﬁtmatrivemncﬁnd iplthe 2dhdecst maﬁnb Qtoot ;)_
entratl on

each: _1%c sitio Add 0.2 .m OH,sol ut.ion of proper, con

2% con?)os gﬂ@ Acfaﬁegkrﬂ 1>‘8P l\tﬁd—(i)%m g/day: o¥high $38, b "Fé) RisteLed G 20%
conposi t i gingleAdisbelorivitied ito Naditible@logeson of proper concentration Using the
t eachi ngs 019 the i nstant application, one skilled in the art could 25 vary

the amounts of | Refeimudations ohitisinventiom pes Brefeiabhs admistgeradhparentaralit.he 1%
2% and 10e/°g0qm98§1h5b@3ﬁ qﬁﬁﬁﬁérﬁ@n%ﬂﬂéﬂﬁtrageﬁ G S%B@&’ﬂ?gﬁ?eél}/ dél}d‘lfh% lﬁ(%{nl ons

ositions with 1-10% 1 e tlde and no ad ust ment ormu
conpri sing aboBtem.a%tlQmS amccctmgz% tinis weatimutor passriersd admlmetralqmnepladed as

follo P-1 H g
Znd ngto&% sol uulgéﬁéw% d;u%r%ugvéz ﬁg%%\l %8’%&%0‘3% Q%g’c tPgH)fsdﬁ of 1%
2% up topm%eﬂemalt dbe d%tsirbdvmn\gvmrﬁielage grbfile cie i@ tado rExasmples tafrnon-
sterlllzed and st q L\v
queous sovents or ve icles are propylene glycol, polyethylene glycol, vegetable
oils, such as olive oil and corn oil, gelatin, and injectable organic esters such as
ethyl oleate. Such dosage forms may also contain adjuvants such as preserving,
16 wetting, emulsifying, and dispersing agents. They may be sterilized by, for
example, filtration through a bacteria-retaining filter, by incorporating sterilizing
agents into the compositions, by irradiating the compositions, or by heating the
compositions. They can also be manufactured in the form of sterile solid
compositions which can be dissolved in sterile water, or some other sterile

20 injectable medium immediately before use.

Synthesis of Peptides

Peptides useful for practicing the present invention can be and were
prepared by standard solid phase peptide synthesis. See, e.g., Stewart, J.M., et

25 al, Solid Phase Synthesis (Pierce Chemical Co., 2d ed. 1984).
The following examples describe synthetic methods that can be and were

used for making peptides with which the instant invention may advantageously be
practiced, which synthetic methods are well-known to those skilled in the art. Other
methods are also known to those skilled in the art. The examples are provided for
30 the purpose of illustration and are not meant to limit the scope of the present

invention in any manner.



2.5 Preparation of liquid conpositions with 1-10% peptide and ZnCl 2, pH 5
adj ust nent Liquid formul ati ons conprising about 1% or about 2% up to
about 10% peptide were prepared as foll ows. Sanples of

(A b8' 35) HALP- 1(7- 36) NH2 were wei ghed and t horoughly m xed with a ZnC 2
stock solution pH 3 at 80% of the total excipient volune. The zinc solution
may be either ZnC 2 or ZnAc22H20. The X@desired pH of the solution is
reached by the addition of diluted NaOH sol ution. Preparations C5 to Cl13
were prepared using this nethod. Usi ng the teachings of the instant
application, one skilled in the art could vary the anpbunts of peptide and
ZnCl 2 to achi eve conpositions other ‘than the 1% 2% and 10% descri bed

herein 15 2. SRICRRLAICON R SEMELEAN | dhaBh EQIMERS ge'aatgﬁédwth drférarpt i de

and Znd 2 no pH adj ust nent Sem -so rormul ations
conpr i si ngyribesis kngwnge prosgeskifiadeinghe parwhich snayotdroprise Bahpresipitdtion of

Stock sof [ BePide REPEANEAS AIBOEE i UG beiry B Athidede ™™™ °
sol ution kmgwihén die aetr 1@mExehangeZcAoaitegrapRy, eqnan@tid ex?\hagbgg{indpt.fglr:aadgr ool

pr epar . this eci f

Compodt 11 Strfieh dofielBR Sttis rpgnads B G BiF ior ity hEsHEE tediep ¥he

desi red amdifiérednt splefgrimde was wei ghed into the barrel of a di sposabl e
syringe Sl pre iozg}lﬁl fitted wth a special twd-way hand valve HV (1.D.=0.5

mm) and t ubi ngBAESAR-LPIGRrATe(Ten- VﬁWg%OQQeASW{QC@eXbYVeTﬁ@UWSﬁQe
pl unger VRsmSRBYA SBlodhd, Saht Biéﬁoe%alﬁérﬁﬁi 'R Ah-OH was purchfg?ed "i%rt'v S1

was connected to a vacuum source and HV was opened. After was
cl osed; Bachem) Kinge ofiRfussial BA. olBogeAvarilimadeBoc-idiogBbdwers putdhaskdr r el

of a gecop dg@em%& w&h@sasn&&w@oéga 8) 152 RS NAEOIEQPICR pfc%gggyt he

free part o was’ opene v he ent was pu t he
vacuum i nfu'tamtSBr,mtltneteclellncoNbanw@B t he peptide povvder S1; g) HV

v o105 e NS o R U R T e S PUSRES BAESeh e
was sl ow b’ut?l@k?@@’ﬁdnyl, HF for hydrogen fluoride, Fm for formyi, Xan for xanthyl, Bzl for
benzyl, Tos for tosyl, DNP for 2,4-dinitrophenyl, DMF for dimethylformamide, DCM
15 for dichloromethane, HBTU for 2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetramethyl
~uronium hexafluorophosphate, DIEA for diisopropylethylamine, HOAc for acetic
acid, TFA for trifluoroacetic acid, 2CIZ for 2-chlorobenzyloxycarbonyl, 2BrZ for 2-
bromobenzyloxycarbonyl, OcHex  for  O-cyclohexyl, Fmoc for O-
fluorenylmethoxycarbonyl, HOBt for N-hydroxybenzotriazole; PAM resin for 4-
20  hydroxymethylphenylacetamidomethyl resin; Tris for
Tris(hydroxymethyl)aminomethane; and Bis-Tris for Bis(2-hydroxyethyl)amino-
tris(hydroxymethyl)methane (i.e., 2-Bis(2-hydroxyethyl)amino-2-(hydroxymethyl)-
1,3-propanediol). The term “halo” or “halogen” encompasses fluoro, chloro, bromo

and iodo.

25 Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Also, all publications, patent applications, patents and

other references mentioned herein are incorporated by reference.

30 Example 1

(Aib®3*)hGLP-1(7-36)NH;
A detailed synthesis procedure for (Aib®3°)hGLP-1(7-36)NH, has been



I ) The syringe plunger is noved (push and pull), w thout opening HV, so
that the powder mass is fully soaked by sol vent; ) A two-way
stainl ess connector SC (1.D.=1.0 nmm) was placed in syringe S2 10 with the
tubi ng placed inside the syringe Luer hole, and its plunger was pushed to
t he end; k) HV in S1 was opened to vent the vacuum and then HV was
renoved. The syringe plunger was noved. g0 that air in the syringe barrel
was mnimzed; and 151) S1 and S2 were connected by SC and the conposition
was kneaded from S1 to S2 through SC Usi ng the teachings of the

I nstant application, one skilled in the art could vary the anmobunts of
peptide and ZnC 2 to achi eve conpositions other than the 25% descri bed

her ei n. Bm%,dgdpngrﬁéﬁo%n %Ete?ﬁrﬁ ﬁgéﬁ&# ﬂslw‘@% I3kl QP EPYoAeKERRPL i de

and ZnCl2 ust nent em so formul ati ons conprising’ about
25% pept i the Wentﬁrm aﬁam@mbMaaréoirﬂcommratSdnpb&n ofh (heib&saiyetiE Briefly; 36¢ NH2

i A d |
b6, 6656 of CTMROYT YR Sufedlréd ol Afcrotiied BoftderiRsibrr e oAl Tna 2
or ZnAc224B0A pﬁmddes,inltmuzdﬁ whichhwas ahodified td sdo eacélechtéy Bdwcmldnstryon of
di luted Na sol utio he total vol une UI d added to

|
the powdeFOlifuRIas5ePERti (ﬂ‘t"ﬂf‘est'%veéﬁet ”Pi%?(f et 1Rt JN&’@H“@%P"N #hies.,

Ther ef or eq0:4Be (§99mE Y- hféthﬁﬁe@ihyﬁﬂﬂanﬁid&c MDA k&4 Waén.ﬁeuladeeriﬁ&q ga)t hat
the total volume of zinc solution needed was reduced to 50% of the total

i qui d vowﬁmh%ds@éat'%mﬂ 19é O pmrae)/pviRgerselst dpedioc ARG agidisniBaghsans of
-27- the gat gbrrhhﬁé‘e'@Avﬂbmb&g%ﬂﬁj LQudile @%%%ng%"\ﬁiﬂh 1gaRcsids NaoH

sol ution as'detalléed bel ow. Preparatrions’ wer e repared u5|ngth|s
net hod. chain protection: Boc-Ala- OH Boc-Arg(Tos)-OH, Boc- Asp(OcHex) OH, Boc-
10  Tyr(2BrZ)-OH, Boc-His(DNP)-OH, Boc-Val-OH, Boc-Leu-OH, Boc-Gly-OH, Boc-
GIn-OH, Boc-lle-OH, Boc-Lys(2CIZ)-OH, Boc-Thr(Bzl)-OH, Boc-Ser(Bzl)-OH, Boc-
Phe-OH, Boc-Aib-OH, Boc-Glu(OcHex)-OH and Boc-Trp(Fm)-OH. The Boc groups
were removed by treatment with 100% TFA for 2 x 1 min. Boc amino acids
(2.5 mmol) were pre-activated with HBTU (2.0 mmol) and DIEA (1.0 ml) in 4 ml of
15 DMF and were coupled without prior neutralization of the peptide-resin TFA salt.
Coupling times were 5 min. except for the Boc-Aib-OH residues and the following
residues, Boc-Lys(2CIZ)-OH and Boc-His(DNP)-OH wherein the coupling times
were 2 hours.

At the end of the assembly of the peptide chain, the resin was treated with a
20  solution of 20% mercaptoethanol/10% DIEA in DMF for 2 x 30 min. to remove the
DNP group on the His side chain. The N-terminal Boc group was then removed by
treatment with 100% TFA for 2 x 2 min. After neutralization of the peptide-resin
with 10% DIEA in DMF (1 x 1 min), the formyl group on the side chain of Trp was
removed by treatment with a solution of 15% ethanolamine/ 15% water/ 70% DMF
25 for 2 x 30 min. The peptide-resin was washed with DMF and DCM and dried under
reduced pressure. The final cleavage was done by stirring the peptide-resin in 10
ml of HF containing 1 ml of anisole and dithiothreitol (24 mg) at 0°C for 75 min. HF
was removed by a flow of nitrogen. The residue was washed with ether (6 x 10 mi)

and extracted with 4N HOAc (6 x 10 mi).
30 The peptide mixture in the aqueous extract was purified on reverse-phase
preparative high pressure liquid chromatography (HPLC) using a reverse phase
VYDAC® Csg column (Nest Group, Southborough, MA). The column was eluted



The pH adjusted sem -solid or gel conmpositions were prepared using a
"push-pull"™ m xing nmethod: 5a) The desired anount of peptide was wei ghed
into the barrel of a disposable syringe S1 previously fitted with a speci al
two-way hand valve HV (1.D.=0.5 nm and tubing was placed inside the
syringe Luer hole; . b) The syringe plunger was secured with a
stainless steel rod SR C)o¢dV in Sl was connected to a vacuum
source and HV was opened. After 10 10 mn HV was cl osed,; d) The Zinc
solution was accurately weighed into the barrel of a second di sposable
syringe S2; e) S2 was then connected to the free part of HV;

f) HV was opened and the solvent was pulled by the vacuuminto the barrel
15 cont ai @jtRg IH&%r 8%@%?2@9"‘%%0%% splution B oWr 1’1@6 ?’r\ﬁ'? &5 996 V\rgﬂéjof e

sol vent syringe was renove hus hy rating the pep I de po In S1;

h) SR wasM/BlibVeidion he watengontdioingep. %sTEon&qlumtm @sedacetomtnle

i) The sy I ger ¢ %

that | 90" 1 SarERi M98 Lof! TRAPY RiabRUR WARE Blietitd $id RRELPER) Aailga 20

st gl nl esisHE’bg:né'bbs% cBftafrin@paie Product \ow?ele [eberbdrted anGdemgzeSZO\drydieéﬁhg

t ubi n ced insi e r|n ol e n ts nge s .pushed to
Lo o' AC8he ' Saiiple 1ol sithe i Lpr i coRiBlndo Tab Porseaokhts SoUR v ehan Ty
was renovetstaindd. Fagit szasng@es% Baged o ananYies Hchhaha@s;é | Bldchre-spray nge
barrel was mnimz and S2 were connected by SC and the conposition

was knead®@s$ rsaﬁptam@@rém(ﬁﬁmgﬁn@@s's gave thepolgauiar WeigbyahiB2a?i’o? an
of1.0uot horkbfporl % GGl S dlSsaprne | he concentration of

t he pepti 30n he remal ni ng i nternediate bul k product was accurately
wei ghed and the anpbunt of NaOH solution required to reach the desired pH

was c@ cul ated; -28- Example 2

Formulation Procedures |

2.1 Materials, Stock Solutions, Calculations

15 A) Materials: ZnCl;, NaOH pellets, and hydrochloric acid, 35%, were obtained
from Panreac Quimica, Barcelona, Spain. WFI (sterile water for injection/irrigation)

was obtained from B. Braun Medical, Barcelona, Spain.

B) Stock solutions
20 (i) ZnCl,, pH=3:
1. With stirring, add 35%HCI to WFI to achieve pH=3.
2. In a volumetric flask, transfer a weighed amount of ZnCl,. With

stirring, add pH=3 HCI to achieve a final concentration of approximately 1-4 mg
ZnCly/ml.
25 (i) ZnCly, pH=2:

1. With stirring, add 35%HCI to WFI to achieve pH=2.

2. In a volumetric flask, transfer a weighed amount of ZnCl,. With
stirring, add pH=2 HCI to achieve a final concentration of approximately 4-12 mg
ZnCly/ml.

30 (iii) NaOH, 0.1 to 10 mg/ml:




0) The NaOH solution was accurately weighed into a third di sposabl e syringe

S3; and p) The syringe plungers were slowy conpressed to mnim ze
the air in the syringe chanbers.Both syringes were connected by SC and the
conposition 5 was kneaded through SC. Usi ng the teachings of the

i nstant application, one skilled in the art could vary, the anounts of
peptide and ZnCl 2 to achi eve conpositigps other than the 25% descri bed
herein. 10 Table 1 Ex. *Peptide**Peptide: Peptide No. % Sol utionZn Ratio
Dose 15 d 10znC 2 0.846 ng/m 5.4:11 ng C2 50.40 ng ZnCl2/ m5. 4:11 ng C3
1050% znCl 2 1.69 ng/m, 50% NaOH 1 ng/m 5.4:1 1 ng C4 1050% ZnCl 2 2. 28
mg/m, 50% NaCH 1 ng/m4:1 1 ng C5 580% ZnC12 0.674 nmg/ m, 20% NaOH 3. 81

Ima4:1 1 20 C64 2809 0. % / 4: C7
1080% zndl 2 3. 81 rrg}'m'%, a@é%\é&ﬁ f%gﬁ’gyér@%fﬁf %%@@ﬁé&n&héﬁ.{%&% n'Ac\é'.?thgo
2.3 ng/ nl stirriogs RAOHVEII1torgthiede 1a finat) cOBc@BCEMORNGT 2pProgidBatety 611-1Q 0%y NaOH

1.75 nmg/ nN%Ml ng 010 280% ZnAc2.2H20 1.12 ng/m, 20% NaCH 1.44 ng/nm
1.5:11 ny 280% ZnC12 0.695 ng/m, 20% NaCH 1.75 ng/m 1.5:11 ng C12

180% ZnC 2 0. 3@ Fraém-dried Z0NagHIiGu@ 1AibPd7 ) MGLF5 1 (7L 36INH;Mall 080% Zndl 2 3. 85
g/ m '5 20% NaOH 4. 417. lﬂg{)glelé 850141°%?V/U}’dilution of acetic acid and WFI.
2. In a volumetric flask, transfer a weighed amount of (Aib®3®)HGLP-
1(7-36)NH; (acetate salt). With stirring, add sufficient 0.04% acetic acid to bring
the final concentration to 20 mg (Aib®***)HGLP-1(7-36)NH,/ml. Following filter

sterilization using 0.45 micron filters, 1 ml aliquots of the solution were transferred

10 to lyophilization vials, freeze dried and the dried product stored at -22°C.
(v) Freeze-dried 50 mg aliquot (Aib®**)HGLP-1(7-36)NH,/vial:
1. Prepare a 0.1% (v/v) dilution of acetic acid and WFI.

2. In a volumetric flask, transfer a weighed amount of (Aib®*%)HGLP-

1(7-36)NH, (acetate salt). With stirring, add sufficient 0.1% acetic acid to bring the

15 final concentration to 50 mg (Aib®***)HGLP-1(7-36)NHy/ml.  Following filter
sterilization, 1 ml aliquots of the solution are transferred to lyophilization vials and

freeze dried.

C) Calculations
20 (i) To determine the total weight / volume of excipient (E) for a composition:
E = (A x 100/T) - (A/P)

wherein:
E = excipient in mg
A = content of pure peptide (mg);
25 T = target concentration of the composition; e.g., 2 if target is 2%; and
P = concentration of pure peptide (mg peptide/100 mg formulation)
With respect to the total volume of excipient, the assumption that 1 ml=1g
is applied.
(i) To determine the volume/weight (W) of ZnCl, to add to each ml or g of
30 composition solution:
a) W=100% E for compositions in which no pH adjustment is made;



* Target value shown. Actual value was within 5%of target in all cases **
Target value shown. Actual values were within 10% of target in all cases 30

3.0 Determnation of G.P-1 receptor affinity A conpound useful to
practice the present invention can be tested for its ability to bind to the
GLP-1 receptor using the follow ng procedure. Cell Culture: - 29-

RIN SF rat insulinoma cells (ATCC-# CRL,2058, Anerican Type Cul ture

Col | ection, Manassas, VA), expressing the GLP-1 receptor, were cultured in
Dul becco's nodified Eagle's medium (DMEM containing 10%fetal calf serum
and mai ntai ned at about 37 Cin a humdifed atnosphere of 5% CO2195% air. 5
Radi ol i gand Bi ndi ng: Menbr anes were prepared for radioligand binding

st udi es by honobgeni . i cql

Tris-HC1 with a Brltr;?aw fgpﬁ LR?\%est %Jt?oydsqmé?m?@terﬁ P%@E% 'gfg)ogjgé?w‘ The
hormogenat elsabmﬂé"/iOrwasMGtiouw&%ammew isfadjestednsind% Bae;g / 10 min), and
(e, Dnal peL) et s VG EGRUEREnIag LAl el I VL b Bl M
For assayab@it|1%0c515ad<ﬁ114%rbl)u;\fvﬁf abmmtcub,etaﬂd thé bH i© adfustdd aélagb)saser 1(7-36)

(-2200. G /mol, New, E Bost on, with and wthout 0.05 m
of unl®bel ed corrpet‘i')ng‘(%]'f&g6 %p tlsﬂg‘é solgd t‘é’rg ) i‘Uﬁ"WtW’TSnlfht‘lﬁl'?'bﬁh?ZS 0,

the boundpégtfelis GbBul 850636 m%%o&aaé@e ublr@ bhge:free by rapid filtration
t hr ough GF/CflIters Brandel , Gaithersburg, M), which had been previously

soaked in 0.5% pol y&t %Weuﬁﬁ%eformntatrpnstl@r\mo@rtbetne@ﬁdwagrre@omsimet@dt| mes
wth 5 m i el d radi oactivity

t rapped ofﬁ&bhégﬁgé?e giﬁ%d &gesp% gé)tﬁbrgtﬁ %Wy %@%’EB@S’SE@ ? e (Wal | ac LKB,

Gai t her sbur g, (M}))To weoni‘necihbmmdlmg/wwm@xt)i ofddb@H tbtwldttotwch ml or g of

(125 G‘chr%r%os?lﬁ ﬁ‘g m nus that bound in the presence of 1000 nM

GLP1( 363 ac r|”ence 4. Determnation of solubility vs pH 25

4S I1 De'z gr m nati on a)fvveammmd:rgcfmbﬁahbms/m/gvmdﬂ the Bbptlscmﬂ?t Eb&w; 1% o
al i ne nd that adyant ageous e used to
practice ?%h%"t 2#985??6?1%3‘14 tgﬁ pt"ga(féiétésrt?ﬂ Hé‘ 0t&P%R ubi lity in PBS at

different pHs and ttgrwesa%tm&s&h.ngn@(brt f&rmdlétwwnwm&emerse tideis. A
stock PBS buffered soluti on was nade I ssol ving one packet of prem xed

powder ( QUL 1 Vs @bout Rip or yn %a@utﬁwma@d the pi l@ﬁdﬂ@teobmla@a baseer to
16 c) W=33.33% E for semi-solid or gel formulations in which the
peptide is about 25% and the pH is adjusted using a base;
d) W=10% E for formulations in which the peptide is reconstituted
from a freeze-dried preparation and the pH is adjusted using a base.
(iv). To determine the concentration of ZnCl, (mg/ml or mg/g) to be used in
20 each composition:
[ZnCl,] = (136.29 x A)/(W x 3339.76 x R)
wherein:
A = content of pure peptide (mg).
R = molar ratio of peptide/Zn
25 R=1.5 for formulations in which the peptide is about 1%, or about 2%
or about 10% or up to about 23%;
R=4.0 formulations in which the peptide is about 25%; and
W = weight (g) or volume (ml) of ZnCl, solution to add to each g or ml of
composition solution.
30
2.2 Preparation of compositions with 1-10% freeze-dried peptide and ZnCl,, no pH

adjustment




-30- yield 10 nM phosphate-buffered saline with 138 mM NaCl, 2.7 nmM KCl

and a pHof 7.4. PBS buffers with different pH val ues were nade by
adjusting the pH of this stock solution with phosphoric acid and/or sodi um
hydr oxi de. Two ng sanples of a conpound to be tested, e.g., 2 ng of the
conpound 5 of Exanple 1, were weighed into glass vials. Into each vial was
added a 50 Il aliquot of PBS buffer abhsa certain pH The sol ution was
vortexed, and if necessary sonicated, until clear. For each pH tested the
total volune of buffer needed to dissolve 2 ng of the conpound was recorded
and the solubility was cal cul ated. Peptide solutions that are clear at room
tenperature (20-25 C) were placed 10in a refrigerator (4 C overnight and

the solubility t e i . : jpation
of conpound so'll\gbl F?fﬁ )?P@Q %Eﬁnﬁf!atﬂq§%éé\ﬂﬁrlélhﬁg ﬁé?éég\tgg%géﬁétq{g%%&@?@
advant ageaufghyulbholmsempmelrwr aocvaight ofhpeptideeper totalwmigiiﬁdnfethteeectmplositinn

det erm neg i i di fferent ues.. and t tures
usi ng t he® 2‘\/\/#%@1 Ap yeé&[l?%sa ﬂ)rmu atl’gn ?OJER”% 458?'8& eoﬂef geogar ed
byI di ssol wtaigccﬁngmaﬁtm ofFoNaGlatulbns wmmdrlsﬁr&{j abigutdﬁ%l, @ﬂlab@dt R4 €. toS?tbd»uge

sol uti er ent ues .are e by adjustin of this

st ock oI u &ic{enwg@ péé)ﬂﬂ'% OW5() ThieAIES '%g ZQg padftFro be
tested, eqg@- 36)&H§gp@paaed:<y§paé§&.uéfd %aémhsrohgh@r ﬂq.x&i e o QHQIZQE%R

vi al s. Into each vial is added a 50 ill aliquot saline solution at a

certain pfplutiorpldHat 1%0%&fﬁ'@<@&a'aﬁi‘§'9'¢m Vﬁé&%%ﬁﬂﬁpe@@ﬁ%!ﬁt-eﬂ&ﬂntl | clear.
For each teste S of
t he corrpound |§ Pg%obﬁ)rﬁﬁgﬁgoq/ e sol ub Péd r@y @%ﬁﬁgl gt@egﬁé g@é?ut%{'%s t hat
are cl ear(Aib® rﬁdﬁ:‘rLlPér(rﬁéﬁéNHp €s€e2R128 (i@) aaovee)pmﬁc@dnhofh@l@ﬁomgemaﬁ)@lﬁ(4 o)

over nj ht at 4 C then exam ned. 4.3. Determ nation of
corrpou(gd ng}ﬂb%pgtz;ﬂb zﬂa&éé at pH 7.0 Conmpounds that may

gdvant ageousl beeZ%send)lmpomcm‘st i are tireparede by Omm@gll SObe?]g efreegdedéied
t t Neis
A N O N T e TN

di ssol vi ngigingsag®. PB (Naboven one liter of de-ionized water. A 2 ng sanple
of a conpound to be tested e.g., a conpound of exanple 1, is weighed into

a glass vial dad 10% CRMRASBIOSS ofare apreRared e by daEENgwisPh Mer fregzengriadd
soni c@f | ofibHELB1EAR6)NBE (588 3.1 ! (W Bb8Ye)SRith 145 SHM of Zrits 886N 2

(3.023 mg/mil; see 2.1 B (i) above)

Freeze-dried peptides and solutions were allowed to equilibrate to room
temperature. The designated volume of ZnCl, solution was injected into the vial
containing the freeze-dried peptide and hydration allowed to proceed for about 2

20  minutes for 1% or 2% peptide compositions to about 60 minutes for 10% peptide
composition, or until all freeze-dried peptide is completely hydrated and the
solution is free of clumps of peptide. Following hydration, the reconstituted peptide
is shaken for approximately 1 minute.

The appropriate amount of dissolved peptide may be removed for dosing,

25 e.g., 100 ul of a 1% peptide solution prepared as per A above equates to a 1 mg
dose, 50 ul of a 2% peptide solution prepared as per B above equates to a 1 mg
dose, 150 ul of a 10% peptide solution prepared as per C above equates to a 15
mg dose, etc.

Using the teachings of the instant application, one skilled in the art could

30 vary the amounts of peptide and ZnCl, to achieve compositions other than the 1%,

2% and 10% compositions detailed below as well as desired dosages.



5ng of peptide is recorded and the solubility at roomtenperature is
calcul ated. 4.4. Determ nation of conpound solubility in saline at various
pH Compounds that may advant ageously be used to practice the
invention can be tested to determne their solubility at roomtenperature
in saline solutions 10having various pH val ues using the foll ow ng

pr ocedure. A stock saline solutbhgn is prepared by dissolving 9 grans
of NaCl in one liter of de-ionized water. Saline solutions having various
pH val ues are obtained by treating aliquots of this stock saline solution
with HCl and NaOH. A 2 ng sanple of a conpound to be tested, e.g., the
conpound of exanple 15 1, is weighed into a glass vial. Aliquots of 50 [
of a salipe prdrhektic offcdnfisdstidhsAbiR &1 (9l fetdze TR SRIolE Ahgl Znior ki gd and
soni cat edunt clear. The total volume of buifer used to dissorve 2 ng of
pept i de i BHradjustenedt and the solubility is calculated. 5. Determ nation of
aqueous sol ubi 0 o£0NC C hat
may advant ageohgl u'%{lor% 8@9# HQn%ﬁZaCbéugg/é: h(g %déﬁ%" %b@'t §tp%g)q'fj%

det er ni newetes pse;barbdl as y‘olidWspH Freeat-eiriedt satnplesr «afn(Ami3 THoHGLRe M IBINHINS

he f ol t t db
i seoi8i nrepnesh af teBEMEE o tharougniy g Sibim 2rids Hhel FolBen Rl Ristona
adj ust i nggco%eoﬂotHett@ta?l e&cmmg/otd%e JHelesIRR BE dTare dInRIN BUSadhéd By

concentratl ons. ("Zn Sol utions") were prepared by making appr oprl ate

di | uti ons h@raqqhtm@fdah@t%dowapfbw'um ng of a conpound to be tested, e.g., 1
ng of the conpgyn | v Oohl dest
Solution to Vs Aér g so ut| orllﬁqhs;wﬁréf{asplgbéll%% tg}? me'g%somm;ﬁ% ﬁ%‘éﬁeéﬁ of this
sol uti on (dR™ tH‘é@LBdJ(Zréi@éNHu(ﬁaﬁﬂGCB (QIV?ahpvw)mthJﬂnt& mi Zn@lzrﬁod;dlom (seees
were phses\ ('; m The precipitation solution was centrifuged and the
not her Ilquor ed using HPLC. The UV absorption area of test conpound

peak was neaSLB)edZ%nchmositdmtseMreatprepamﬁ b3 2mixirge Qestmgofrpemdnéﬁ t he

th [ inhed, Vi t I
T e et Mo R OB e R B8 R A N et
i nventi oz 1teh@) geeegund of Exarrpl e 1 was tested in the imedi ately

foregoing 5 assay and the follow ng results were obtained (agueous, pH 7.0,
r oom C) "10% compositions aré prepared by mixing 50 mg freeze-dried

15 (Ab***)HGLP-1(7-36)NH, (see 2.1 B (v) above)with 0.40 mi of ZnCl, solution
(see 2.1 B (i) above)

To the above solutions, add the necessary volume (10% of total volume of
excipient) of diluted NaOH solution to achieve the target concentration and pH.
20 For example, to each:
1% composition: Add 0.2 m! of NaOH solution of proper concentration
2% composition: Add 0.1 ml of NaOH solution of proper concentration
10% composition: Add 0.05 ml of NaOH solution of proper concentration
Using the teachings of the instant application, one skilled in the art could
25 vary the amounts of peptide and ZnCl; to achieve compositions other than the 1%,
2% and 10% compositions detailed below.

2.4 Preparation of liquid compositions with 1-10% peptide and ZnCl,, no pH

adjustment
30 Liquid formulations comprising about 1%, or about 2% up to about 10%

peptide were prepared as follows. Samples of (Aib®*)HGLP-1(7-36)NH, were
weighed and mixed with a ZnCl; stock solution pH 3 to achieve the target



tenperature): Table 2 ZnCd 2 concentrationSolubility (I Ag/mL)(mg/m)

105. 788 800. 0770 5000. 0579 10000. 0487 15000. 0668 1525000. 1131 6.

Det erm nation of isoelectric point (pi) using | EF gels I nvitrogen's
Novex | EF pH3-10 gels were used to neasure the pl of G.P-1 peptides, e.g.,
t he conpound of Exanple 1. Peptidyl conmpounds to be tested 20 were

di ssolved in water to a concentration 9.0.5 ng/nl. For each such conpound,
5 of the resulting solution was m xed wth 5 Jd of Novex(r) Sanple Buffer
2X (conprised of 20 mM Argi nine free base, 20 mM Lysine free base and 15%
G ycerol) and the resulting 10 pl sanple solution was | oaded onto the gel
along with a protein standard sanple. 25Running buffers were al so obtai ned
from I nvi 0 t tions,
gener al |y R B i B A e T B Bl i
for 1 houflterfsiemlmécar@ystg@@ wntégast ant for 30 minutes. The gel was then
fixed in 12% TCA containing 3.5% sul fosalicylic acid for 30 30 m nutes, and
then stained for 2 hours with Colloidal Coonassie Blue according to the

i nstructi @rfs Rrepachtion bhelidyiy esdmpositivhiwigh BH08 Kpdptideemadf ZacCl,, t pEN
de-stai ned ,in water overnight. The gel was scanned and anal yzed by
the pr grgﬂ%gls—%%@ent Analysis 1.2. pl's of unknown peptides were cal cul ated

rel ative to thgigpld ﬁorﬁfulé?cto%@d@frﬂpr|31l3§-ab%0tm%ndﬁaB@Mﬂ P% nb t\éaébtﬁﬁ o6% 10.7,
9.5, 83, 8.0, 7.8, 7.4, 6.9, 6.0, 5.3, 5.2, e 2
peptide weré prepared as follows. Samples’ of (Alb )HGLP 1(7 36)NH2 were
weighed and thoroughly mixed with a ZnCl; stock solution pH 3 at 80% of the total
excipient volume. The zinc solution may be either ZnCl; or ZnAc,*2H20. The
10  desired pH of the solution is reached by the addition of di(utéd NaOH solution.
Preparations C5 to C13 were prepared using this method.
Using the teachings of the instant application, one skilled in the art could
vary the amounts of peptide and ZnCl, to achieve compositions other than the 1%,
2% and 10% described herein.
15

2.6 Preparation of semi-solid/gel compositions with 25% peptide and ZnCl,, no

pH adjustment
Semi-solid or gel formulations comprising about 25% peptide were prepared
as follows. Samples of (Aib>*°)HGLP-1(7-36)NH, were weighed and thoroughly
20 mixed with a ZnCl; stock solution pH 2 at 66.66% of the total excipient volume.
The zinc solution may be either ZnCl; or ZnAc,+2H,0. Preparations C1 and C2

were prepared using this method.
More specifically, the semi-solid or gel compositions were prepared using a
“push-pull” mixing method:

25 a) The desired amount of peptide was weighed into the barrel of a
disposable syringe S1 previously fitted with a special two-way hand valve HV
(1.D.=0.5 mm) and tubing was placed inside the syringe Luer hole;

b) The syringe plunger was secured with a stainless steel rod SR;
¢) HV in S1 was connected to a vacuum source and HV was opened. After

30 10 min HV was closed;

d) The Zinc solution was accurately weighed into the barrel of a second

disposable syringe S2;



The neasured pl of the conmpound of Exanple 1 was 7.60. 57.1n vivo assays in
r at Conpositions of the present invention can be tested to determ ne
their ability to pronote and enhanced effect in vivo using the follow ng
assays. 7.1. Experinental procedure: 10The day prior to the experinent,
adult mal e Sprague-Dawl ey rats (Taconic, Germantown, NY) that wei ghed
approxi mately 300-350g were inplanted wgth a right atrial jugular cannula
under chl orohydrate anesthetic. The rats were then fasted for 18 hours
prior to the injection of the appropriate test conposition or vehicle
control at tinme 0. The rats continued to be fasted throughout the entire
15experi nment. A 0.5 nmy/m ZnCl2 solution was prepared by dilution of

a solution of 2o d kay-having pH 2.7 water. 1 ng
of the conpoun%rpg?%%nﬁ'lzg&%%&%?%%@%ﬁﬁ%ﬁm?y’%) NH2) was di ssolved in
250 [LI of thifg Hbwasiapened andghd sohveng avassuliletlibynthkavaicngmdintogthel basfelt he
conpound 0.5 /m .Zn at pH4. 20 At tine zero the rats were injected
subcut ane %ﬂ'f‘"{%@% peeiptt'ﬁgrpo\%dgﬁsﬁa) the i medi ately forgoing solution of
(A b8, 35) hGLP-gX HV3Gad\tidsed @ndvht sonaimt alyeng® 8Rrwas rdrmokat, hhgsiagdrating

i njection volume was ver mal |l (4-6 ttL) and the dose of G.P-1 conpound
adm ni%tev’@cpecpé'dﬁﬁ’@‘@?ﬁj"él?i was 75 fig/kg. At the appropriate tine after

the sc injectignSRaval@phvRldenrl haptifgdlinger Ads MWy rdlebb&d;i nt ravenous

(iv) 25 cannula_and the rats were given an iv glucose challenge to test for
the presence of TEBRISAABERI PIURNSET ismaved équsbrﬁndwﬁl)twmt@menm Vuso Hat

chal | engethl\éeq) &r%ﬁaséF f@\lk;aélo%kéaci) 4 \Nr s post-conpound injection. After
e

the initia ood sanp s W thdrawn gl ucose (1g/kg) was injected iv and
flushed in w tjihAS0Opway hierdessnecorewctal SG . D EIW mip). wah plasedl tire syrirg@0®2 bl ood

sanpl i 2. 5, .10 and 3 ] t-gl uc

1 oot on e WG HRBb s i ot (usidiaie, e 5 BRRRT Ve AtBRBG o o
500p. 1 hetperand; zed saline (10U nml) through the cannula. The bl ood sanpl es
were centrifu ol was col)ected fromeach s | e d the -34-

el oo wer o d0UIN ST hesconriad & Heg (erBatEnped er HYNAS Ferediithnt
The anpunth@kytimgd! blumgep Mﬁo%éﬂé‘o&h‘é@%irdﬂ?tﬁé@l‘ﬁiﬂ@elﬁérf&l viad AHinihitgdd; i n
enzyme- | i nked i mmunosor bant assay (ELISA) kit (American Laboratory Products

Co., Wn(ﬂﬁﬂn NH). 57.1.1. Results: A sustai ned insulin-enhancing
gzt 'h"fsty Vas qgéﬁra‘fﬁidsé tx?efre\egﬁnéaga% e Py 18 HS&?%sftiBh%té le{bagj\éﬁrfr&rﬂe full
ours of the experinent. 8.1n vivo assays I n doq here are a

nunber ofS1 to SR¢broagh®BE. known in the art which enable the 10 skilled

artisan to deter.n c osition.s ahility to promt.e extended release of
active conpoun '&qs?%?&énﬁ) S oﬁ%qagat?rgea%%s@%q,tqrben?hﬁeg In the 3%890 y of
e>r<]arrpl e, \mnyan??muritle&if(;lie)mqml a:ﬁdtl) %mfmgas% @bﬁfb&é?@brﬁm@ﬁ'f gmg gm(ei%éwémézof

t he conpo of for a, in a buffered solution of Zn pepti de: Zn
15ratio ég}?’ﬁ%‘i?@‘?‘?‘mere'”- A total of 6 male Beagle dogs, ages 42 - 78
nont gy and 14 - 21 kg bodywei ght were maintained with free access to water
and once daily food (approx. 400 g of dry standard diet (SAFE 125). The
dogs wer e2.f Zyeparalic i-pelf IRRasitiansitihAS %f paplide andndmfslpst i on.

pH adjustment

Semi-solid or gel formulations comprising about 25% peptide were prepared

as follows. Samples of (Aib®*°)HGLP-1(7-36)NH, were weighed and thoroughly

25 mixed with a ZnCl, stock solution pH 2 at 66.66% of the total excipient volume.
The zinc solution may be either ZnCl, or ZnAcy+2H,0. The desired pH of the
solution is reached by the addition of diluted NaOH solution. In this example, the

total volume of liquid added to the powder must be divided between the zinc and

the NaOH solutions. Therefore, the concentration of the zinc solution was

30 adjusted so that the total volume of zinc solution needed was reduced to 50% of
the total liquid volume added to the peptide powder (step d). The remaining 50% of



20The test conposition was adm ni stered by subcutaneous route in the

i nterscapul ar area by. The volune of adm nistration (approx. 20 mcroliters
per aninmal) was nade by 0.3 m Terunp syringes with 0.33-12 nm
(BS=30M2913). A theoretical dose of approximtely 0.2ng peptide was thus
achi eved. Bl ood sanples were taken periodically, at approx. time = 0, 8,

15, 30, 45 25 mn, and 1, 2, 4, 8, and,32 hours, and 1, 2, 3, 4, 5, and 6
days after admi nistration. The blood was rapidly chilled after sanpling
until centrifugation, and the plasm decanted and rapidly frozen pending
assay. Determi nation of peptide plasnma concentration was nmade after off
line solid phase extraction, followed by on-line phase extraction coupled

to LC M5/ e to?él‘i'ighf&ev&éﬁqé ééngfegii ﬁgﬁﬁgﬁﬁle@ggsg)o%eﬁ%a%%%é& a¥ haDi¥ %Fu‘ﬁ@ﬁg- Cor

The conposition denonstr at n el ease of the active peptl
at | east asdetaled beRiv. BreparationsAChana Byhekrlprepatd\iking 8us mdtbod.

Usi ng substantially.t in viyo assa rocedure as describped in
sectton 8.1 abveH TSN sl mael FoBRESHENS WdB PRRE D Fonker,
ability ttpushlRASmixihg nsathpect pepti de over an extended period of tine. For
each of the 5 follow,ng four conpositions the concentrati ogn of peptide was
about A% (wt / vit) ,L'th*hé’_e?'é%‘f oafB‘PU'HeB?iFtFé’“_PS R cWrihesh SUP %%?,"ghr?é fhe
dose of p@i(@id)ﬂéblé‘ ST efleViBEsIF PRI Witht £! spekidllwo-way har@l WEVOHE. 2. A

™
(A b8 35)hGE P1(7-3 )lN 2 in a sol U?I on containing (i) 90% zZnCl 2 (0.298
ng/ M) and-BQ.F9P muveRddybing Was plageddysida twosyrinasr-usrhoke;

(A b8 35) hG.P i i . Sol ution
8.2.C. Subst aﬁ)mﬁ%)ms?%ﬁi %rj;;%kéé)f%@%@ﬂ% %?@%%B%ﬁ?l‘fyg?eé ‘usi ng
AcOH Ac0" Sol w)ith¥ ir8 SA. Was sahseciad italkl wacsium $eurce @ngdiVitwamo@eriada After

The c 05h §1: ' .for an extended rel ease of (A b8.35)hGAP1(7-
1536)%,%@"32&@%§§|°%§8Fi gure 1. 8.3. 1% (Ai b8' 35) hGLPL( 7- 36) NH2)

Sol uti on: d) ThisiZigc suhgibanvasilacyurtalely segighéd intovibealssesl ¢fr aaedoné as
descri bed,in S%ﬁ:ti on 8.% _above, the follow ng conposition was exam ned for
its abilif§PIFOIRPYWINGE $%e subj ect peptide over an extended period of tine.

For the foll ovd)gp ¥as&sPeshidctey idheTrRICHAI bAHVON of peptide was about 2%
(wt/w), the ratio of peptide to zinc was about 1.5:1, and the dose of

pept i de_adni nifste eas pagnap e thaaobient waggpulied by thegpguumrn®. te:barrel
gréll 2& 5322}%%@%%%?@% ?E@%P%; |mo)n; cggt aining (i) 80% znC 2 (0.695

g) HV was closed and the solvent syringe $2 was removed, thus hydrating
the peptide powder in S1;

h) SR was removed and the syringe plunger was slowly released;

i) The syringe plunger is moved (push and pull), without opening HV, so that

20 the powder mass is fully soaked by solvent;

j) A two-way stainless connector SC (1.D.=1.0 mm) was placed in syringe S2
with the tubing placed inside the syringe Luer hole, and its plunger was pushed to
the end;

k) HV in S1 was opened to vent the vacuum and then HV was removed.

25 The syringe plunger was moved so that air in the syringe barrel was minimized,;

I) S1 and S2 were connected by SC and the composition was kneaded from
S1 to 82 through SC;

m) After homogenization, an aliquot of the mixed product was removed to
determine the concentration of the peptide;

30 n) The remaining intermediate bulk product was accurately weighed and the
amount of NaOH solution required to reach the desired pH was calculated;



The conposition provided for an extended rel ease of (Al1b835) hGLP1(7-

36) NH2, as depicted in Figure 5. 8.4. 10% Pepti de Sol utions:

Usi ng substantially the sanme in vivo assay procedure as described in
30section 8.1, above, the foll ow ng conpositions were exam ned for their
ability to release the subject peptide over an extended period of time. For
each of the follow ng four conpositionggthe concentration of peptide was
about 10% (wm/wt), -36- the ratio of peptide to zinc was about 1.5:1, and
t he dose of peptide adm nistered was approxi mtely 15 nyg. Sol uti on
8.4. A (A b835)hG.P1(7-36)NH2 in a solution containi ng (1) 90% znC12 (3. 367
nmg/ M) and (ii) 10% NaOH (5.01 ng/m); 5Sol ution 8. 4.

(A b8' 35) hGLPL§Y -T30) I (o] / :

Sol ution 8. 4. 1&) -Sr:&%sygﬁ)ﬂ goﬂgﬁgl %aga?qu{)rag}lgﬁ %r?eog%i(o”,g m'ry gls]p]pg?%la usi ng
AcOH AcO- $Yr$t§leL§3cﬂi\d8 4.D. Substantially similar to Solution 8.4.A

36 N as deptl e oHidE BB WET SOUErobEpTaREg T simErdne B the o g
subst ant i a;lrrlngetd:fearslaere i nBotlv sydsgesy were cedugated DydSecand etk compesitioan 8. 1,
above, theaf BI | o %Jjﬁ‘ﬁsedﬁ, olid conpositions were exam ned for their 15

abili t?/ t 42y P%% ! §§ect peptide over an extended period of time. For

conposi tion 8. L5$|ﬁg thé h@amng@af rtraé ummfa;smi@awtmbesméd Fpand apeoi | €
for conpositi t he concentration of peptide was

about 10%?Wﬁmm°wﬁ§ Qfa@%'d@f a%&n%le t@ @chieve <fqmp%vﬁwspthe@dbae tBeA

8.5. B, angbf.desBrivedhelegyt 5.4:1, while for conposition 8.5.D the ratio was
about 4.0:1. For all four 20 conpositions the dose of peptide adm nistered
was approximately 1 ng. Conposi tion 8.5. A (A b8 35)hGLP1(7-36)NH2 in
a semolf4hgqnposition containing Znd 2 (0.40 ng/m) in WI.

Conposi ti .B: Substantially simlar to Conposition 8. 5. A, wherein the
ZnCL2 concentration has been adj usted upward to maintain a peptide:Zn ratio
of 25abouEx.5'Replide Conposition 8.5.C. (A b8 35) hGLP1(7- 36yMRiden a
sem solid copggtidel ng (i) 50% zZnC 2 (1.69 ng/m ) and (ii) 50% NaOH (1ng/ ml).
Conposi t i 8.%. DSoldbh8' 35) hGLP1(7-36) NH2 in a sem sol izd R&wd aipos (1)

50% Zr5Cl 201 2.188 n@htl,))0.886 nid/mi 50% NaCH (1ng/ i) . 541 1mg
Cc2 5 0.40 mg ZnCly/m| 541 1mg

C3 10 50% ZnCl; 1.69 mg/ml, 50% NaOH 1 mg/mi 541 1mg

C4 10 50% ZnCl; 2.28 mg/ml, 50% NaOH 1 mg/ml 41 1mg

C5 5  80% ZnCl; 0.674 mg/ml, 20% NaOH 3.81 mg/mi 41 1mg

20 C6 2 80% ZnCl; 0.26 mg/ml, 20% NaOH 2.15 mg/ml 541 1mg
C7 10 80% ZnCl; 3.81 mg/mi, 20% NaOH 4.47 mg/ml 151 1mg

Cc8 10 80% ZnAc2.2H20 2.3 mg/ml, 20% NaOH 6.1 mg/ml 41 1mg

C9 2  80% ZnCl, 0.695 mg/ml, 20% NaOH 1.75 mg/ml| 151 1mg

Ci0 2 80% ZnAcy.2H20 1.12 mg/mi, 20% NaOH 1.44 mg/mi 1.511 1 mg

25 C11 2 80% ZnCl; 0.695 mg/ml, 20% NaOH 1.75 mg/ml 161 1mg
c12 1 80% ZnCl; 0.384 mg/ml, 20% NaOH 0.875 mg/ml 151 1mg

C13 10 80% ZnCl; 3.85 mg/ml, 20% NaOH 4.47 mg/ml 1511 15mg

* Target value shown. Actual value was within 5% of target in all cases
** Target value shown. Actual values were within 10% of target in all cases
30
3.0 Determination of GLP-1 receptor affinity

A compound useful to practice the present invention can be tested for its
ability to bind to the GLP-1 receptor using the following procedure.
Cell Culture:



30 -37- 8.6. Sem solid Conpositions: Usi ng substantially the same
in vivo assay procedure as described in section 8.1, above, the foll ow ng
sem -solid conposition was exam ned for its ability to rel ease the subject
pepti de over an extended period of time. This 5 conposition was formul ated
using a 5.22 mg/mM 2ZnCl2 solution, at pH = 2.0. Sufficient peptide was
provided to result in a 25% pepti de SG?%SO|Id conposi tion having a peptide
to zinc ratio of about 4:1. The pH of e conposition was adjusted as
provi ded herein using 10 ng/mM NaOH The dose of peptide adm nistered was
approximately 15 ng. 10Conposition 8.6 provided for an extended rel ease of
(Alb8' 35) hG.P1(7- 36) NH2, as depicted in Figure 6. 8.7. Semsolid

Conposi ti ons: t _ i Y edure
as descri bod | ANLSE FRAOBRLR O K CRLIARR, Andich T500CBREr S
was exam Gelledtion, iMandssasabiA), te;xpressnmag dbseGLRet srebepiot peps i cddtuoedtrinan

ext ended i od ,of ti hi s, co 05|t S formJ n 8. 5 mg/ m
ZnCiz sol Holnshco §mpfiEs £eiS s ARRER OREHT Eontialbe oSk HBl B sdud i n
23% pept i drd FriMtaplettt 20BPOST Pcmmahmm:amecaampr@ee bP5% 00,088 girof about
1.5:1. The conposition was formul ated according to the process detailed in

sectioh 2.6, above. The dose of peptide 20 adm ni stered was approxinmately

15 ny (CORéQ@I}@é}Qj Bhdiry: about 65 microliters of the conposition).
Conposition 8.6 provided for an extended rel ease of (Alb8' 35) hG.P1(7-

36) NH2, as ded\/lét’@tﬂan% Fiwgiee prepried hder agedipgand h bingingusstydiesut &Yi ons
of the di ﬁ&dﬂ?ﬁé’rﬂzéﬂ{rﬂ‘dﬁ‘ %é 9RIN'2fs 4R i(? Kﬁl‘“b?‘?céjg 8 50'BhRETHEHEN wWithVE assay

and have con nposi tions ent 1 nvention provide
usef ul dr Bgnkieamn \Relytrqoi a\Meettxmf oNY?} mssetuogrr&)mrﬁdsecﬁ) f Ehmhamrégenates wege t he

teach of, t i nst ant pllcat he. art Id vary the

amount € Corass P8 B ZeoPA B (B oot 38 mirioent BREAE peiBt MetEly
inventi onre%asp@ﬁérd ineso hﬂVIE‘I'niB-HSID d:‘omanh@ 25 mRBMQCIz,RK’!p'hg/me leadipacihat i on
by Acet at in 10% pe tions. Thi exa le d

cont i scl pses
o e oS anACBemisl ot LAt MOhcer Ori% BSA! For 565k, aliqudts (0.4 mf}
were incubated with 0.05 nM (*®1)GLP-1(7-36) (~2200 Ci/mmol, New England

Nuclear, Boston, MA), with and without 0.05 ml of unlabeled competing test
15 peptides. After a 100 min incubation (25 °C), the bound (**I)GLP-1(7-36) was
separated from the free by rapid filtration through GF/C filters (Brandel,
Gaithersburg, MD), which had been previously soaked in 0.5% polyethyleneimine.
The filters were then washed three times with 5§ ml aliquots of ice-cold 50 mM Tris-

HCIl, and the bound radioactivity trapped on the filters was counted by gamma

20 spectrometry (Wallac LKB, Gaithersburg, MD). Specific binding was defined as the
total (*#°1)GLP-1(7-36) bound minus that bound in the presence of 1000 nM
GLP1(7-36) (Bachem, Torrence, CA).

4. Determination of solubility vs pH

25
4.1. Determination of Compound Solubility vs pH in Phosphate Buffered Saline
PBS

A compound that may advantageously be used to practice the invention can
be tested to determine its solubility in PBS at different pHs and temperatures using
30 the following procedure.
A stock PBS buffered solution was made by dissolving one packet of pre-
mixed powder (SIGMA, Product No.: P-3813) in one liter of de-ionized water to



5 36)NH2 in nmal e beagl e dogs follow ng by single subcutaneous

adm ni stration of two extenporaneous conpositions containing 10%

(A b8' 35) hGALP1( 7-36) NH2and zi nc chl oride [ (A b8.35)hGE.P1(7-36)NH2: Zn=1
.5:1] at dose |level of 15ng/dog. The nethod to conduct the in vivo
assay is the sane as disclosed under paragraph 8.1. 10This exanple
illustrates PK profile nodul ation by aggtate content in the pharnaceutica
conposition and thus the influence of the ratio [acetate/ peptide] in the
pharmaceutical conposition on the pH. The pH nodul ation is controlled
by the way of nodul ation of acetate content a decreasing content of acetate
shows an increasing effect on the pH 15A variation of acetate al so shows

ffect i \
an effect,g i%@%ﬁﬁre\é_\t@-m%%aﬁ’néj%ﬁ% 'R RBL A0} il KRECEALS o1

decreases’t he n I ncreased content of acetate sho

i npr oveneat 7.4n RBB bsiffersowith tifferertt pHh ealpley sveralmadeaby bijugting\tieopdiafighiso t he

formul ati gn _gchosen, the . ovenent by the.modul,atipn of 20 the ratio
acet at e/ pgtgf:ﬁagﬁuﬁﬂh%%ﬂqggbgrl%?c@tadﬁ?riﬁcggi,lurpg\ygr sated by the
modul ati on of TWe maisampiepdf debdipdupd tbrtsd R3GRl, @)yl Remgroixhe Ebirpoaad be

seen as a sEstem with three possible varjables to adjust stabili té
sol ubi¥ i t9f, f‘ﬂ@Pfﬂ—ﬂoM’e@ vgighed into glasg maé&ésa@r@ﬁ@" Ve washPededE B HD

nmeans sta A i1 %L&,F t b S S | asma
concentr a??grnofiltoﬁﬁgggglrjfeég.atZST rfemﬁ@?hi Ege %lh?ﬂgwa b\&en\%&gtai %wilz/g‘?ciég@arian

r esi dencesenipated VMl ¢lsam Far ashepH ftested the rtatal ivglunhe of dudfepfeeded to

bi oavai | aRi_l.i t a ] i J drug
concent ra&:stg)ér)llw I%F@? %&a@e %%P%ﬂ_ %%%Qdé@ée@‘gﬁ g t*‘? 8%’7'1@%@0\” ?%lcp %?%%gh t he

| ast sanpl i ng Peptde $oiufiatd thaBarr degaatvevadteniperatse (2626 C) verd PRicpept | de

i tion batches 30.having .djff t et at g/ Pept i | t d
R e N e
concent r agkfinedl ues, the (Cmax) was 8.10 ng/m (SD=1.80 ng/nm) for an

[ Acetat e/ Peptide] nolar ratio of the [3.7:1], whereas -39- the batch
having a lower ratio [3.2:1] provided a Crn" value of 5.65 ng/m (SD=2.61

ng/ m). 548bhetemination of compound solubility vs pH in saline
A compound that may advantageously be used to practice the invention can

15 be tested to determine its solubility in saline at different pH values and
temperatures using the following procedure.

A stock saline solution is prepared by dissolving 9 grams of NaCl in one liter
of de-ionized water. Saline solutions with different pH values are made by
adjusting the pH of this stock solution with HCI and/or NaOH.

20 Two mg samples of a compound to be tested, e.g., 2 mg of a compound of
example 1, are weighed into glass vials. Into each vial is added a 50 pl aliquot of
saline solution at a certain pH. The vial is vortexed and, if necessary, sonicated
until clear. For each tested pH the total volume of saline needed to dissolve 2 mg
of the compound is recorded and the solubility is calculated.

25 Solutions that are clear at room temperature (20-25° C) are placed in a
refrigerator (4° C) overnight and the solubility at 4° C then examined.

4.3. Determination of compound solubility in saline at pH 7.0

Compounds that may advantageously be used to practice the invention can
30 be tested to determine their solubility at room temperature in saline having pH =7

using the following procedure.



Forrmul ati on 10% 15ng 10% 15ng Ratio peptide/Zn 1.5:1 1.5:1 Paraneter
Units MEAN (n=5) S.D. MEAN (n=4) S.D. Dose pg.kg-1 857.7 131.0 694.8
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Saline solution is prepared by dissolving 9 grams of NaCl in one liter of de-
ionized water. A 2 mg sample of a compound to be tested, e.g., a compound of
example 1, is weighed into a glass vial and 1 ml aliquots of saline are added, with
vortexing and sonication, until clear. The total volume of saline used to dissolve 2

5 mg of peptide is recorded and the solubility at room temperature is calculated.

4.4. Determination of compound solubility in saline at various pH

Compounds that may advantageously be used to practice the invention can
be tested to determine their solubility at room temperature in saline solutions
10  having various pH values using the following procedure.
A stock saline solution is prepared by dissolving 9 grams of NaCl in one liter
of de-ionized water. Saline solutions having various pH values are obtained by
" treating aliquots of this stock saline solution with HCI and NaOH.
A 2 mg sample of a compound to be tested, e.g., the compound of example
15 1, is weighed into a glass vial. Aliquots of 50 pl of a saline buffer at a certain pH
are added. The solution is vortexed and sonicated until clear. The total volume of
buffer used to dissolve 2 mg of peptide is recorded and the solubility is calculated.

5. Determination of aqueous solubility of compound vs zinc concentration

20 A compound that may advantageously be used to practice the invention can
be tested to determine its solubility in pH 7 water at different zinc concentrations
using the following procedure.

A stock zinc solution was prepared by dissolving ZnCl; in de-ionized water
to a concentration of 100 mg/ml and adjusting the pH to 2.7 using HCI. Solutions

25 having various ZnCl; concentrations (“Zn Test Solutions”) were prepared by
making appropriate dilutions of the stock solution.

One mg of a compound to be tested, e.g., 1 mg of the compound of
Example 1, was dissolved in 250 ul of each Zn Test Solution to yield a solution
having 4 mg/ml of the compound. The pH of this solution was then adjusted using

30 0.2 N NaOH until white precipitates were observed to form. The precipitation
solution was centrifuged and the mother liquor analyzed using HPLC. The UV
absorption area of test compound peak was measured and the concentration of



46.5 tmax d 0.208 0.167 0.111 0.068 Cmax ng.nmr1 8.10 1.80 5.65 2.61 ti/2
app d 3.32 0.66 6.77 2.04 AUCX ng-tnrl-d
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the test compound in the mother liquor was determined via comparison to a
calibration curve.

As a representative example of a compound that may be used to practice

the invention, the compound of Example 1 was tested in the immediately foregoing

5 assay and the following results were obtained (aqueous, pH 7.0, room

temperature):
Table 2
ZnCl; concentration Solubility
{ug/ml) {mg/mi)

10 0 5.788
80 0.0770
500 0.0579
1000 0.0487
1500 0.0668
15 2500 0.1131

6. Determination of isoelectric point (pl) using IEF gels
Invitrogen’s Novex IEF pH3-10 gels were used to measure the pl of GLP-1
peptides, e.g., the compound of Example 1. Peptidyl compounds to be tested
20 were dissolved in water to a concentration of 0.5 mg/ml. For each such compound,

5 ul of the resulting solution was mixed with 5 pl of Novex® Sample Buffer 2X
(comprised of 20 mM Arginine free base, 20 mM Lysine free base and 15%
Glycerol) and the resuiting 10 pl sample solution was loaded onto the gel along
with a protein standard sample.

25 Running buffers were also obtained from Invitrogen and the gel is run
according to manufacture’s instructions, generally as follows: 100 V constant for 1
hour, followed by 200 V constant for 1 hour, followed by 500 V constant for 30
minutes.

The gel was then fixed in 12% TCA containing 3.5% sulfosalicylic acid for

30 30 minutes, and then stained for 2 hours with Colloidal Coomassie Blue according
to the instructions found on the Novex® Colloidal Blue Kit thereafter, then de-
stained in water overnight.

The gel was scanned and analyzed by the program Fragment Analysis 1.2.

plI's of unknown peptides were calculated relative to the pl's of standard



53.5 14.3 38.2 9.2 AUC ng-ntl.d 55.4 15.7 41.6 8.9 AUCextrap.

8.44 5.00 MRTt d 9.31 2.25 7.48

10

15

20

25

30
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compounds having pl values of: 10.7, 9.5, 8.3,8.0,7.8, 7.4, 6.9, 6.0, 5.3, 5.2, 4.5,
4.2, and 3.5.
The measured pl of the compound of Example 1 was 7.60.

7. In vivo assays in rat

Compositions of the present invention can be tested to determine their

ability to promote and enhanced effect in vivo using the following assays.

7.1. Experimental procedure:

The day prior to the experiment, adult male Sprague-Dawley rats (Taconic,
Germantown, NY) that weighed approximately 300-350g were implanted with a
right atrial jugular cannula under chlorohydréte anesthetic. The rats were then
fasted for 18 hours prior to the injection of the appropriate test composition or
vehicle control at time 0. The rats continued to be fasted throughout the entire
experiment.

A 0.5 mg/ml ZnCl, solution was prepared by dilution of a solution of 100
mg/ml ZnCl, in an HCI solution having pH 2.7 water. 1 mg of the compound of
formula (1) ((Aib®3%)hGLP1(7-36)NH,) was dissolved in 250 pl of this solution to
yield a clear solution having 4 mg/ml of the compound and 0.5 mg/ml Zn at pH 4.

At time zero the rats were injected subcutaneously (sc) either with (a) the
immediately forgoing solution of (Aib®,**)hGLP-1(7-36)NH;), or with vehicle control.
In both cases the injection volume was very small (4-6 plL) and the dose of GLP-1
compound administered to the subject was 75 ug/kg. At the appropriate time after
the sc injections a 500ul blood sample was withdrawn via the intravenous (iv)
cannula and the rats were given an iv glucose challenge to test for the presence of
enhanced insulin secretion. The times of the glucose challenge were 0.25, 1, 6, 12
and 24 hours post-compound injection. After the initial blood sample was
withdrawn glucose (1g/kg) was injected iv and flushed in with 500ul heparinized
saline (10U/ml). Thereafter, 500ul blood samples were withdrawn at 2.5, 5, 10 and
20 minutes post-giucose injection. Each of these was immediately followed by an
iv injection of 500ul heparinized saline (10U/ml) through the cannula. The blood

samples were centrifuged, plasma was collected from each sample and the

% 2.99 1.83



1.39 MRT d 9.96 2.60 9.85 2.54 [Acetate: Peptide]3.7:13.2:1 10.
GLP-1 peptide salt/divalent netal fornulations 1010.1. Mt hods

(A b8.35)hGE.P-1(7-36)NH2 1 ng/ nL water and PBS sol utions were prepared and
the pH was adjusted to 7.0. 10 ng/nL stock solutions of CaC 2, CuCl2,
Myl 2, and ZnC 2 in water were prepared. The pH of Cad 2, Myd 2, and Znd 2
solutions 15 was adjusted to 7.0. The pi of Cud 2 solution could not be
basi fi ed because Cu precipitated out. $herefore, Cud 2 solution of pH 4.4
was used. 4 AL netal ion water or PBS solutions were added to 2004
(A b8.35)hGE.P1(7-36)NH2 1 ng/m solution to nake a final netal ion
concentration of 200 pig/nL. The resulting solution was m xed and checked

cont 1§ ugen Bk Werg, pafel it S0P i e M5PE restlffy 1o RSO CPRIAR, The ¢ oy

was det er amoant dfyin$lfnGn eaibﬁ s%md?ewalstdet&ni‘a@d! asifg aSalt insiulin epzyhe-linked
gé: 31:8 | gﬁ) %ﬁm%é\ﬁl%:(&g él/ﬁ)gﬁlﬁiﬁq%gar? fLagora ér(glnlsroduc% Coor\]ﬁmd\flw\at !
NH).
5 7.1.1. Results:
A sustained insulin-enhancing activity was observed that was inducible by

glucose injection over the full 24 hours of the experiment.

8. In vivo assays in dog

There are a number of in vivo assays known in the art which enable the
10  skilled artisan to determine a composition's ability to promote extended release of
active compound in vivo.

8.1. 1% Peptide Composition:

By way of example, an aqueous test formulation was prepared comprising
1% (w/w) of the compound of formula (1) in a buffered solution of ZnCl, (peptide:Zn

15 ratio = 1.5:1.0).

A total of 6 male Beagle dogs, ages 42 - 78 months and 14 - 21 kg
bodyweight were maintained with free access to water and once daily food
(approx. 400 g of dry standard diet (SAFE 125). The dogs were fasted 18 hours
before administration of test composition.

20 The test composition was administered by subcutaneous route in the
interscapular area by. The volume of administration (approx. 20 microliters per
animal) was made by 0.3 ml Terumo syringes with 0.33-12 mm (BS=30M2913). A
theoretical dose of approximately 0.2mg peptide was thus achieved.

Blood samples were taken periodically, at approx. time = 0, 8, 15, 30, 45

25 min, and 1, 2, 4, 8, and 12 hours, and 1, 2, 3, 4, 5, and 6 days after administration.
The blood was rapidly chilled after sampling until centrifugation, and the plasma
decanted and rapidly frozen pending assay. Determination of peptide plasma
concentration was made after off line solid phase extraction, followed by on-line
phase extraction coupled to LC-MS/MS, and the data obtained managed by

30 Analyst v1.2 software.

The composition demonstrated an extended release of the active peptide

for at least 2 days.



CaCl2 >1 (pH 7.1) >1 (pH 6.8) Cud2 0.058 (pH 7.1) 0.039 (pH 6.8) MyC12 >1
(pH 7.2) >1 (pH 6.9) zZnCl 2 0.108 (pH 6.9) 0.056 (pH 6.8) 10 10.3.

Phar macoki netic studi es of (A b8 35)hG.P-1(7-36)NH2/di val ent netal pH 5.5
cl ear solution formul ations Three different fornul ations of

(A b835) hGP-1(7-36)NH2 were prepared by using the follow ng procedures:
15(1) (Ai b8' 35)hA.P-1(7-36)NH2 HCl sal %E\Mth Cua2 (2)

(A b8 35)hGE.P-1(7-36)NH2 HCl salt with Znd 2 (3) (A b8 35)hG.P-1(7-36) NH2
acetate salt with znC 2 20 A TFA salt of a GLP-1 analog (the TFA salt
results fromthe purification of the peptide by using preparative HPLC
eluting with TFA contai ning buffer solutions) can be converted into anot her

salt, S“CB.Z’?‘S;]%gAﬂP?i}ﬁéﬁpﬁg-%aE%Hgis%ﬁ&koﬂ-“9 the peptide in a small anmount
of 0.25 - the resulting
Using substantially the same in vivo assay procedure as described in
section 8.1, above, the following compositions were examined for their ability to
release the subject peptide over an extended period of time. For each of the
5 following four compositions the concentration of peptide was about 1% (wt/wt), the
ratio of peptide to zinc was about 1.5:1, and the dose of peptide administered was
approximately 1 mg.
Solution 8.2.A: (Aib®*)hGLP1(7-36)NH; in a solution containing (i) 90%
ZnCl; (0.298 mg/ml) and (ii) 10% NaOH (0.975 mg/ml);
10 Solution 8.2.B: (Aib®**)hGLP1(7-36)NH, in a solution of ZnCl, (0.286 mg/ml)
Solution 8.2.C: Substantially similar to Solution 8.2.B, and buffered using
AcOH/AcO
Solution 8.2.D: Substantially similar to Solution 8.2.A
The compositions provided for an extended release of (Aib®**)hGLP1(7-
15 36)NH,, as depicted in Figure' 1.
8.3. 1% (Aib®**)hGLP1(7-36)NH,) Solution:
Using substantially the same in vivo assay procedure as described in

section 8.1, above, the following composition was examined for its ability to
release the subject peptide over an extended period of time. For the following
20 composition the concentration of peptide was about 2% (wt/wt), the ratio of peptide
to zinc was about 1.5:1, and the dose of peptide administered was approximately 1
mg.
Solution 8.3.: (Aib%*®)hGLP1(7-36)NH, in a solution containing (i) 80%
ZnCl; (0.695 mg/ml) and (ii) 20% NaOH (1.75 mg/ml);
25
The composition provided for an extended release of (Aib®*)hGLP1(7-
36)NH,, as depicted in Figure 5.
8.4. 10% Peptide Solutions:
Using substantially the same in vivo assay procedure as described in

30 section 8.1, above, the following compositions were examined for their ability to
release the subject peptide over an extended period of time. For each of the

following four compositions the concentration of peptide was about 10% (wt/wt),



25 solution is applied to a sem -prep HPLC col um (Zorbax, 300 SB, C-8).
The colum is eluted with (1) 0.1N ammoni um acet at e aqueous sol ution for
0.5 hrs., (2) 0.25N acetic acid aqueous solution for 0.5 hrs. and (3) a

| i near gradient (20%to 100% of solution B over 30 min.) at a flow rate of
4 mM/mn (solution Ais 0.25N acetic acid aqueous solution; solution Bis
0. 25N acetic acid in acetonltrlle/mate§ 3080: 20). The fractions contai ning
the peptide are collected and | yophili gd to dryness. -41-

(A b835)h@AP-1(7-36)NH2 HCl salt was prepared by a |yophilization
procedure. 20 ng (A b8 35)hG.P-1(7-36)NH2 acetate was dissolved in 4 nL 20
nvi HCl aqueous solution and i ncubat ed at roon1tenperature for 10 mn. The

le 5 hiliz Lyo tion, was erforrred
For anot hi B T meog fa P RCvah ABPHEL BEh kel neift Branudete
det er mi nedias Bp@ rdlemefen meeng:hl ori de content was 5. 38% Ai b835 hGLP-lNH HCI
55% ves i ssoPguion B4 il Wbl SUVERT sAROTRS G e
adj usted phth (8 JHRY shy g1lo|% N]ad\}'-l wgﬁ,ﬁ@mﬂpout 5.5. The nolar ratio of
(Al b8. 35) hGLE (7- 36%J g é% 5:1. The peptide concentration was 10%
(50 M ) 1wt SPltian B (DS IR 1 (A AmeGopINSS 206 2,995 mam)
Ai b8' 35) hGLP- ) 2 HC
53 my (pept| a2 Latant & Stlsi Rl Yy nlacRsgiuh SRR St Bullp b BT oous
sol uti on. ATOE/AEOWas adj usted with approximately 2 4. of 1 N NaOH to about

pepii de concenPRPOR RS SHBSeREYN YA QERUISTRAR with o pH ot

?ppL oxi nr;at ely Pho. cohﬁjos(t»@anpr&sbd@@_Bfla(ﬂea@rw( Iég eeledsat ef wlb?-zf\gig/gshpimz

Ai b8' 35 1(7-36) NH etate 5.5 ng (peptide content is was

di ssof Q/edgé%ﬁ'i'?nga Glei’}&ﬁ cé@afmr 212 aqueous sol ution. The resulting solution
was | yophilized overnight and redi ssolved in 50 tL water. The pH was
adjusted with approxinmately 1 RI_ of 1 N NaOH to about 5.5. The nolar ratio
of (A b8.88) hcpemisolid OmMPEsiioNsi 2 was 1.5: 1. The peptide concentration was

10% (30 mV) i m%iﬁgeéués%r‘ﬁ’} Ily‘ett(t:\% 2 94‘ \W@P%Qéémgéydtﬁe as de%gnbéé) ift-

Dosi ng and bl oo anpl e co
section 8.1, above, the following seml solid compositions were examined for their

15 ability to release the subject peptide over an extended period of time. For
composition 8.5.A., the concentration of the peptide was about 5%, while for
compositions 8.5.B, 8.4.C, and 8.5.D., the concentration of peptide was about 10%
(wt/wt). The ratio of peptide to zinc for compositions 8.5.A, 8.5.B, and 8.5.C was
about 5.4:1, while for composition 8.5.D the ratio was about 4.0:1. For all four

20 compositions the dose of peptide administered was approximately 1 mg.

Composition 8.5.A: (Aib33*)hGLP1(7-36)NH; in a semisolid composition
containing ZnCl; (0.40 mg/ml) in WFL.

Composition 8.5.B: Substantially similar to Composition 8.5.A., wherein the
ZnCL2 concentration has been adjusted upward to maintain a peptide:Zn ratio of

25 about 5.4:1.

Composition 8.5.C: (Aib®**)hGLP1(7-36)NH, in a semisolid containing (i)
50% ZnCl; (1.68 mg/mi) and (ii) 50% NaOH (1mg/ml).
Composition 8.5.D: (Aib®**)hGLP1(7-36)NH, in a semisolid containing (i)
50% ZnCl; (2.28 mg/ml) and (ii) 50% NaOH (1mg/ml).
30
The compositions provided for an extended release of (Aib®3*)hGLP1(7-
36)NH;, as depicted in Figure 3.



Rats were dosed at 0.3 ng/rat (3 pL of 10% sol ution) subcutaneously wth
these three formul ations of (A b8 35)hG.P-1(7-36)NH2. Bl ood sanpl es were
collected at 5, 10, 15, 30 min, 1, 2, 4, 8 hours, and 1, 2, 3, 4, 7, 10
days. Plasma 5 was collected fromthe blood by centrifugation and stored at
-80C. The tissue at the injection site was al so col |l ected, honpgeni zed in
5x net hanol, and stored at - 80C. .g7.Jwo rats were used for the 5, 10,
15, 30 mn, and 1, 2, 4, 8 hours data points. One rat was used for 1, 2, 3,
4, 7, 10 days data points. 10 10.5. LC M5/ MsS sanpl e preparation

Plasma (200 4) was acidified with 10 1.11 formc acid and precipitated
with 600 4 acetonitrile. The supernatant was coll ected by centrifugation
and conce rat I er vacuum The residues were dissolved in
150 4 15 SO csitHe er and centrifuged. 50 4 of the supernatant
was i nject ed f dsing CsuiBtamiadiyathes isame in v:voTlassame memmelaseﬁasanbec( 10 4)
was diluted.to m__,30% acetonitrile in an 4vva5|n ted.for
LSV Ve S  movs: 41 altrineSernErdl) SomBBStio Was Bpiet 15 15 e
done wi t habilityARy 4616QsaEhe SHISELY PBPLGS )8! N dGRNdRE bevibd Nofa titiy, bDhis

| onspray probe. The MRM node of nol ecul ar |on detection was used wth the
ion pa&r g?mB%%!t'@"é[Yﬁf i@r@LEated using a Jg¢ dngEpy EQ&ZOHO'HB%” pét P&t med-Quith a

Luna C8( 25uffisidPt g@bﬁd!b weR! Wldbﬁﬁozﬁésﬁﬁ (Pr%l@%%éd?ldaosé‘nasblm éQmEFbQMBﬁS at a

flow rate of 0.30 nmm nute. fer Ais 1%formc acid in water and buffer
B is 1% fRavingagertde to ét&‘étré'ﬁ@ Pf abeut iwh%EH@f@%WWQOSanWaSF@hlt!ﬁteé and

tanday d gab e ABrRP UERE fobiotie NAOH, TP 5855, EF p¥0 ARG WAy

in5 nL amOxmmthlari@Imgxtract) was used as the 100%t0. cal cul ate the

per cepy ages | SEhrPhslibg 4B SRR T 87 olBRhS SeickBbOS! TRLIATLAT20) W
36)NH>, as depicted in Figure 6.

8.7. Semisolid Compositions:

Using substantially the same in vivo assay procedure as described in
section 8.1, above, the following semi-solid composition was examined for its
15 ability to release the subject peptide over an extended period of time. This
composition was formulated using a 8.5 mg/ml ZnCl, solution, at pH = 2.0.
Sufficient pepticie was provided to result in a 23% peptide semisolid composition
having a peptide to zinc ratio of about 1.5:1. The composition was formulated
according to the process detailed in section 2.6, above. The dose of peptide
20 administered was approximately 15 mg (corresponding to about 65 microliters of
the composition). '
Composition 8.6 provided for an extended release of (Avb835)hGLP1(7-
36)NH,, as deplcted in Figure 7.
Further assays with various permutations of the disclosed formulation have
25 likewise been subject to in vivo assay and have confirmed that compositions of the
present invention provide a useful drug delivery platform for the cbmpound of
formula (I). Using the teachings of the instant application, one skilled in the art
could vary the amounts of peptide, ZnCl; and pH to prepare compositions of the
present invention as described herein.
30

Example 9



Pl asma concentration (ng/nm) of (A b6 3)hGP-1(7- 36) NH2 HCl
Pl asma concentration (ng/nL) of (A3 3b)hGP-1(7- 36) NH2 HC

and CuCl 2 dose
and zZnd 2

dose Plasma concentration (ng/nL) of (A bt '3)hGP-1(7- 36)NH2 acetate and

ZnCl 2 dose 0.083 4.76 5.063.85 25.914.57
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1. PK profile modulation by Acetate content in 10% peptide solutions.

This example discloses a pharmacokinetic study of (Aib®***)hGLP1(7-
36)NH; in male beagle dogs following by single subcutaneous administration of
two extemporaneous compositions containing 10% (Aib®*°)hGLP1(7-36)NH,and
zinc chloride [(Aib®3*)hGLP1(7-36)NH,:Zn=1.5:1] at dose level of 15mg/dog.

The method to conduct the in vivo assay is the same as disclosed under
paragraph 8.1.

This example illustrates PK profile modulation by acetate content in the
pharmaceutical composition and thus the influence of the ratio [acetate/peptide] in
the pharmaceutical composition on the pH.

The pH modulation is controlied by the way of modulation of acetate content
a decreasing content of acetate shows an increasing effect on the pH.

A variation of acetate also shows an effect on the Cnax.. In general a
decreasing content of acetate decreases the Cx value.

An increased content of acetate shows an improvement on the solubility
and the physical stability.

According to the formulation chosen, the improvement by the modulation of
the ratio acetate/peptide on solubility or stability, is compensated by the
modulation of the ratio peptide/Zn for instance on the Cyax This can be seen as a
system with three possible variables to adjust stability, solubility, the pH or C max.

In this example the abbreviation SD means standard deviation. AUC means
the Artemisinin areas under the plasma concentration-time curve.

The meaning of the abbreviation MRT is mean residence time (MRT) is a
parameter for estimating the rate of bioavailability to compare MRT with tmax wich
is the time of peak drug concentration. MRTt was calculated using data from zero
time through the last sampling time.

In Table 3 are gathered the results of the 10% peptide composition batches
having different [Acetate/Peptide] ratios and subcutaneous administration in
beagle dogs. The peak drug in plasma concentration values, the (Cmax) was 8.10
ng/ml-(SD=1.80 ng/ml) for an [Acetate/Peptide] molar ratio of the [3.7:1], whereas



0.17 3.18 13.0412.81 16.355.02 0.25 3.44 13.658.14 32.2 0.5 7.955.3
13.8611.8 19.53.68 1 11.8 12.410.61 11.5 2 11.41.27 12.90.35 8.64 4
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the batch having a lower ratio [3.2:1] provided a Cpayx value of 5.65 ng/ml (SD=2.61

ng/mil).
Table 3
Formulation 10% 15mg 10% 15mg

Ratio peptide/Zn ' 1.51 1.5:1
Parameter Units I\(AnEASI;j S.D. l\(/‘niﬁ';l S.D.
Dose ug-kg! 857.7  131.0 694.8 46.5
tmax d 0.208 - 0.167 0.111 0.068
Crnax ng-mf’ 8.10 1.80 5.65 2.61
t472 app d 3.32 0.66- 6.77 2.04
AUC, ng-m’-d 53.5 14.3 38.2 9.2
AUC ng-mi-d 55.4 15.7 41.6 8.9
AUC extrap. % 2.99 1.83 8.44 5.00
MRT; d 9.31 2.25 7.48 1.39
MRT d 9.96 2.60 9.85 2.54

[Acetate:Peptide] 3.71 3.2:1

10. GLP-1 peptide salt/divalent metal formulations
10.1. Methods

(Aib®*)hGLP-1(7-36)NH, 1 mg/mL water and PBS solutions were prepared
and the pH was adjusted to 7.0. 10 mg/mL stock solutions of CaCl,, CuCl,, MgCl,,
and ZnCl, in water were prepared. The pH of CaCl,, MgCl,, and ZnCl; solutions
was adjusted to 7.0. The pH of CuCl, solution could not be basified because Cu
precipitated out. Therefore, CuCl, solution of pH 4.4 was used.

4 uL metal ion water or PBS solutions were added to 200 pL (Aib8'35)hGLP-
1(7-36)NH, 1 mg/mL solution to make a final metal ion concentration of 200
pg/mL. The resulting solution was mixed and checked for precipitation. If
precipitation formed, the suspension was centrifuged. The (Aib®**)hGLP-1(7-
36)NH; concentration in the supernatant was determined by HPLC.
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10.2. Results
5
Table 4. Solubility of (Aib®3°)hGLP-1(7-36)NH; in the presence of divalent metal
ions
Water solution, mg/mL PBS solution, mg/mL
CaCl, >1 (pH 7.1) >1 (pH 6.8)
CuCl; | 0.058 (pH 7.1) 0.039 (pH 6.8)
MgCl, >1 (pH 7.2) >1 (pH 6.9)
ZnCl, | 0.108 (pH 6.9) 0.056 (pH 6.8)
10
10.3. Pharmacokinetic studies of (Aib®***)hGLP-1(7-36)NH,/divalent metal pH 5.5
clear solution formulations
Three different formulations of (Aib®**)hGLP-1(7-36)NH; were prepared by
using the following procedures:
15 (1) (Aib®***)hGLP-1(7-36)NH, HCI salt with CuCl,
(2) (Aib®***)hGLP-1(7-36)NH; HCI salt with ZnCl,
(3) (Aib®*)hGLP-1(7-36)NH; acetate salt with ZnCl,
20

A TFA salt of a GLP-1 analog (the TFA salt results from the purification of
the peptide by using preparative HPLC, eluting with TFA containing buffer
solutions) can be converted into another salt, such as an acetate salt by dissolving
the peptide in a small amount of 0.25 N acetic acid aqueous solution. The resulting

25 solution is applied to a semi-prep HPLC column (Zorbax, 300 SB, C-8). The
column is eluted with (1) 0.1N ammonium acetate aqueous solution for 0.5 hrs., (2)
0.25N acetic acid aqueous solution for 0.5 hrs. and (3) a linear gradient (20% to
100% of solution B over 30 min.) at a flow rate of 4 ml/min (solution A is 0.25N
acetic acid aqueous solution; solution B is 0.25N acetic acid in acetonitrile/water,

30 80:20). The fractions containing the peptide are collected and lyophilized to

dryness.



1.35 0.33 168 0.17 0.74 0.82 240 0.35 0.6 1.09 A full time course
pl ot of the pharnacokinetics profile of the HCl salt fornmul ati ons of
(A b8 35) hAP-1(7-36)NH2 is shown in Figure 8. An early tine 10 course plot
of the pharmacokinetics profile of the HCl salt formul ations of
(A b8 35)hGE.P-1(7-36)NH2 is shown in Figure 9. A full tinme course plot of
t he pharnmacoki netics profile of the ac_(élj_at e salt fornulation of
(A b8 35) hA.P-1(7- 36)NH2 is shown in Figure 10. An early tine course plot
of the pharmacokinetics profile of the acetate salt formul ati on of
(A b8 35)hGE.P-1(7-36)NH2 is shown in 15Figure 11. -44- Table 6. Estinmated
percentages of (A b8 35 hGP-1(7-36)NH2 left at the injection sites
Estinmat ed percentage (/0) |eft
(Aib®3*hGLP-1(7-36)NH, HCI salt was prepared by a lyophilization
procedure. 20 mg (Aib®3*)hGLP-1(7-36)NH, acetate was dissolved in 4 mL 20 mM
HCI aqueous solution and incubated at room temperature for 10 min. The sample
5 was frozen and lyophilized overnight. Lyophilization was performed for another
two times and the chloride content of the final product was determined. The

determined chloride content was 5.38%.

(1) (Aib***)hGLP-1(7-36)NH, HCI salt with CuCl,:

10 (Aib**)hGLP-1(7-36)NH, HCI 5.3 mg (peptide content is 95%) was dissolved in 50
ul. 20 mM CuCl; aqueous solution. The pH was adjusted with approximately 2 uL
1 N NaOH to about 5.5. The molar ratio of (Aib®**)hGLP-1(7-36)NH,/CuCl; was
1.5:1. The peptide concentration was 10% (30 mM) in water (w/w) with a pH of

approximately 5.5.
15
(2) (Aib®*)hGLP-1(7-36)NH, HCI salt with ZnCl,:
(Aib®*®)hGLP-1(7-36)NH, HCI 5.3 mg (peptide content is 95%) was dissolved in 50
pul 20 mM Zn€Cl, aqueous solution. The pH was adjusted with approximately 2 pL
of 1 N NaOH to about 5.5. The molar ratio of (Aib®**)hGLP-1(7-36)NHy/ZnCl, was
20 1.5:1. The peptide concentration was 10% (30 mM) in water (w/w) with a pH of

approximately 5.5.

(3) (Aib®3%)hGLP-1(7-36)NH, acetate salt with ZnCly:
(Aib®*)hGLP-1(7-36)NH; acetate 5.5 mg (peptide content is 92%) was dissolved
25 in 50 uL. 20 mM ZnCl, aqueous solution. The resulting solution was lyophilized

overnight and redissolved in 50 uL water. The pH was adjusted with approximately
1 uL of 1 N NaOH to about 5.5. The molar ratio of (Aib®3*)hGLP-1(7-36)NH,/ZnCl,
was 1.5:1. The peptide concentration was 10% (30 mM) in water (w/w) with a pH
of approximately 5.5.

30



at injection site of (A b'35)hGP-1(7- 36) NH2HCI

percentage (% left at injection site of (A b8 35)hGP-1(7- 36) NH2HCI
ZnCl2 dose Estimated percentage (% left at injection site of
(A 'V 35)h@A&P-1(7- 36)NH2 acetate and ZnCl2 dose 1 1.58 10.59 6.96
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10.4. Dosing and blood sample collection

Rats were dosed at 0.3 mg/rat (3 puL of 10% solution) subcutaneously with
these three formulations of (Aib®3*)hGLP-1(7-36)NH,. Blood samples were
collected at 5, 10, 15, 30 min, 1, 2, 4, 8 hours, and 1, 2, 3, 4, 7, 10 days. Plasma
was collected from the blood by centrifugation and stored at -80°C. The tissue at
the injection site was also collected, homogenized in 5x methanol, and stored at -
80°C.

Two rats were used for the 5, 10, 15, 30 min, and 1, 2, 4, 8 hours data

points. One rat was used for 1, 2, 3, 4, 7, 10 days data points.

10.5. LC-MS/MS sample preparation
Plasma (200 pL) was acidified with 10 ulL formic acid and precipitated with

600 ulL acetonitrile. The supernatant was collected by centrifugation and
concentrated to dryness under vacuum. The residues were dissolved in 150 pL
30% acetonitrile in water and centrifuged. 50 pl of the supernatant was injected for
LC-MS/MS analysis.

Tissue methanol extract (10 puL) was diluted to 1 mL 30% acetonitrile in

water and 50 uL was injected for LC-MS/MS analysis.

10.6. LC-MS/MS analysis
LC-MS/MS analysis was done with an API4000 mass spectrometer system

equipped with a Turbo lonspray probe. The MRM mode of molecular ion
detection was used with the ion pair of 668.9 and 136.1.

HPLC separation was performed with a Luna C8(2) 2x30 mm 3u column run
from 10% B to 90% B in 10 minutes at a flow rate of 0.30 mL/minute. Buffer A is
1% formic acid in water and buffer B is 1% formic acid in acetonitrile.

LOQ was 0.5 ng/mL.

10.7. Results and summary

The plasma concentrations of the peptide were calculated with its standard
calibration plot. 0.06 mg/mL (Aib®***)hGLP-1(7-36)NH, (0.3 mg/rat in 5 mL

and CuCl2 dose Estinated

and
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methanol extract) was used as the 100% to calculate the percentages left at the

injection sites.

Table 5. (Aib®¥)hGLP-1(7-36)NH. plasma concentrations

5
Plasma Plasma
Plasma concentration concentration concentration
23 /mL) of g g/mL) of gng/mL ) of
(Aib™)YhGLP-1(7 (AIb™*)hGLP-1(7- (AIb*""YhGLP-1(7-
36)NH, HCI and CuClz 36)NH2 HCl and 36)NH> acetate and
Time h dose ZnCl, dose ZnCl; dose
0.083 4.76 - 5.06+3.85 25.9+14.57
0.17 3.18 13.04+12.81 16.35+£5.02
0.25 3.44 13.65+8.14 32.2
0.5 7.95+5.3 13.86+11.8 19.5+3.68
1 11.8 12.4210.61 11.5
2 11.4+1.27 12.9120.35 8.64
4 5.91+5.2 6.3914.62 5.48 -
8 0.9+0.37 0.72 6.41
24 1.35 1.08 0.94
48 0.68 1.21
72 0.66 0.47 0.77
96 0.15 1.35 ' 0.33
168 0.17 0.74 0.82
240 0.35 0.6 1.09

A full time course plot of the pharmacokinetics profile of the HCI salt
formulations of (Aib®3*)hGLP-1(7-36)NH, is shown in Figure 8. An early time
10 course plot of the pharmacokinetics profile of the HCI salt formulations of
(Aib®3)hGLP-1(7-36)NH, is shown in Figure 9. A full time course plot of the
pharmacokinetics profile of the acetate salt formulation of (Aib®***)hGLP-1(7-
36)NH, is shown in Figure 10. An early time course plot of the pharmacokinetics
profile of the acetate salt formulation of (Aib®**)hGLP-1(7-36)NH, is shown in

15  Figure 11.

20



Ti ssue accurul ation profile of (A b835)hG.P-1(7-36)NH2 at the injection
site is further shown in Figure 12. Table 7. PK paraneters Plasma
concentration (ng/nm) of (A 136'35)hG.P-1(7- 36) NH2ZHCI and Cud 2 dose

Pl asma concentration (pg/m) of (A b5 3)hGP-1(7- 36) NH2 HCI and ZnCl2 dose
Pl asma concentration (pg/nL) of (Aib'33)hGP-1(7-

-44-

Table 6. Estimated percentages of (Aib®*)hGLP-1(7-36)NH, left at the injection
sites

Estimated Estimated Estimated
percentage (%) left percentage (%) left percentage (%) left
at sryectlon site of at nyectlon site of at ngection site of

(AIb®hGLP-1(7-  (AB®®GLP-1(7-  (Ab®*®)hGLP-1(7-
Time 36)NH2 HCI and 36)NH2 HCl and 36)NH; acetate and
days CuCl, dose ZnCl, dose ZnCl, dose
1 1.58 10.59 6.96
2 24.88 26.94 9.97
3 12 21.87 11.6
4 0.14 0.04 0.23
7 0.47 0.06 0.03
10 0.01 0.02 0.01
5
Tissue accumulation profile of (Aib®**)hGLP-1(7-36)NH, at the injection site
is further shown in Figure 12.
Table 7. PK parameters
10
Plasma Plasma Plasma
concentration concentration concentration

gglmL) of g/mL) of gng/mL) of .
(AIBSIGLP-1(7-  (AIbPP)hGLP-1(7- (Aib*®)IGLP-1(7-
36)NH2 HCI and 36)NH; HCI and 36)NH, acetate

CuCl, dose ZnCl, dose and ZnCl, dose
Tmax, h 1 0.5 0.25
Crmax, Ng/Mi 11.8 13.8 32.2
AUC ng-hr/ml 204 514 394

The results indicate that salt forms of GLP-1 analogs, particularly in
combination with a divalent metal salts, provide for acceptable sustained release
formulations with reduced initial plasma concentrations, which may reduce or

15 eliminate unwanted side-effects.

The data indicate that strong acid salts, for example, HCI salts of the GLP;1
analog, show a further reduction in initial plasma concentrations. Without being
bound to this theory, it is believed that the superior reduction in initial plasma

20 concentrations of the HCI salts of GLP-1 analogs relate to the neutralization



36) N H2 acetate and zZnC 2 dose Tnax, h 1 0.5 0.25 Cm", ng/nm 11.8 13.8
32.2 AUC ng-hr/m 204 514 394 The results indicate that salt forns of
G.P-1 anal ogs, particularly in conbination with a divalent nmetal salts,
provi de for acceptable sustained release fornmulations with reduced initial
pl asma concentrations, which nmay reduce or 15 elim nate unwanted

si de-effects. The data indicate_%ggt strong acid salts, for exanple,
HCl salts of the G.P-1 anal og, show a rther reduction in initial plasm
concentrations. Wthout being ' '

process in vivo. In compositions (1) and (2) above at pH 5.5, 100% of the acid is
in the chloride form and there is no free écid. Accordingly, after the subcutaneous
injection the body fluid is able to neutralize the solution more quickly thereby
precipitating the solution more rapidly. These decrease in neutralization time leads

5 to a smaller, less pronounced, initial plasma concentration or spike.

The publications cited above are incorporated herein by reference.
Additional embodiments of the present invention will be apparent from the
foregoing disclosure and are intended to be encompassed by the invention as
10  described fully herein and defined in the following claims.



bound to this theory, it is believed that the superior reduction in initial
pl asma 20 concentrations of the FICI salts of G.P-1 analogs relate to the
neutralization -45- process in vivo. In conpositions (1) and (2) above at
pH 5.5, 100% of the acid is in the chloride formand there is no free acid.
Accordingly, after the subcutaneous injection the body fluid is able to
neutralize the solution nore quickly tpgreby precipitating the solution
nore rapidly. These decrease in neutralTfzation tine |eads 5to a smaller,

| ess pronounced, initial plasma concentration or spike. The
publications cited above are incorporated herein by reference. Additional
enbodi nents of the present invention will be apparent fromthe foregoing

di scl osurg,and are i tended to be enconpassed by the invention as

10descri b q? @in and defined in the following clainms. -46- Wat is
clainmed is: 1. A pharnmaceutical conposition conprising an analog of GLP-1

prepared w gh A Wﬂ%@ﬁéél%ﬁﬂoﬁ%ﬁ%ﬂiﬂr@m@abh Malségist @DRLPPré&pardd

m xture of the 5 salt of said anal og d the anal og, thereby providi ng a
nol ar ratio of Wﬁ'ﬁeﬁ B@a@éﬁqeut'ﬁmb'e@@%ﬂ?éa@ﬁaﬁaﬂgoﬂ $pid angloshar adbixtHreQfithe

conposg tion, p é‘ax& %ﬁa%' ad trh%te%ﬁ%l&g”‘rihgu%bﬂiré’ﬁ&ﬂg d ﬁ’\oiH?QHh??‘bfaﬁQ?gt he

solubility, the rel"fease effect" on invivo rél ease
peptide in sai Sialbl’ﬁfarpﬂmléet analdg conpaidi pharmaceotical qumpmmmawbatamethe

conposition ac i t aj v erein.saj 4. a i

[ A b3 35] neLp- TEA JafEEn 3" bldred" G GhaR0lE SUaMnERR BBl sBe elesse
accordi ng to Gkffésh @ ihuvivberelesep prdfilepfathESpeptderin sat apharnticeutichival ent
netal salt. 4. The 1ar maceuti cal conposition according to Claim3, wherein
said sel ected %‘?W)Bﬁ’ 9N-etal is zinc or copper. 205. The pharmaceuti cal
conmpogption according to Claim3, wherein said conposition contains
divalent netal_salts selected fromthe group consisti ng of CuAc2, CuCl2,

ZnAc2, and/ér PhepharmagguticpleCqRpesiten aberaingclorfpladn i heseip svaid &Rd daim
2 or 5, wherei ?‘hﬁ@% %WEEG‘PP { ?)&ﬁﬁ:.] hGP-1(7-36)NH2 is a
y a ﬁo of ‘an

phar maceuti cal t abl e sal t

3. The pharmaceutical composition according to Claim 2, further comprising a

15 divalent metal and/or divalent metal salt.

4. The pharmaceutical composition according to Claim 3, wherein said

selected divalent metal is zinc or copper.

20 5. The pharmaceutical composition according to Claim 3, wherein said
composition contains divalent metal salts selected from the group consisting
of CuAc;,, CuCl,, ZnAcy, and/or ZnCl,.

6. The pharmaceutical composition according to Claim 2 or 5, wherein said
25 salt of [Aib®*IhGLP-1(7-36)NH; is a pharmaceutically acceptable salt of an

organic acid.

7. The pharmaceutical composition according to Claim 6, wherein said organic
acid is selected from the group consisting of acetic, trifluoroacetic, lactic,
30 malic, ascorbic, succinic, benzoic, citric, methanesulphonic and

toluenesulphonic acids.



organi c aci d. 7. The pharmaceutical conposition according to C aim6,

wherein said organic acid is selected fromthe group consisting
of acetic, trifluoroacetic, lactic, 30malic, ascorbic, succinic, benzoic,
citric, nethanesul phonic and tol uenesul phonic acids. -47- 8. The
pharmaceutical conposition according to Claim?7, wherein said acid is
acetic acid. 9. The pharmaceuti cal c o osition according to Caim2 or 5,
wherein said 5salt of [A b835]hA.P-1(7-36)NH2 is a pharnaceutically
acceptabl e salt of an inorganic acid. 10. The pharmaceutical conposition

according to Claim9, wherein said inorganic acid is selected fromthe
group consisting of hydrochloric, 10hydrobrom c, hydroiodic, sulfuric and

phosphoric acigds. 11. The.nha eutical ¢ i rding. Cl.aim 10,
wherein sai% aﬁl%pﬁgrrﬂ?{%uggall éoo I Osété?rhgcclqﬂggqi ‘gﬁﬁﬁﬁg@%{%l&gﬁ%‘%gﬁ@déi tion
according to Gatimagid.wherein the nolar ratio ranges of said

[ Al b8 35] hA.P-1(7-36)NH2 salt to G.P-1 peptide analog is approxi mately
0.5:1 to approximately 10:1. 13. A pharmaceutical conposition

accordi ng t@ Crid Bharmi&itRhNcéMBosMbAaceBfdihd @ Clam@iZor 5, wherein said
[ Al b8' 35] hGLP-1(7-36) NER salt to said dival ent metal and/or divalent metal

salt ih said ir ofelAduit T1b@L Pcifpd®NH2d9 ar Rittfeacerigaliy@sceriabia salloban t o

approxi mat el y iﬁbé;a Ilacig\ pharmaceutical conposition according to Caim 13,
nolar ratio of sal 3 25 [Ai b8 35] hGLP-1(7-36)NH2 salt to said dival ent netal
and/ or divalent nmetal salt in said pharmaceutical conposition ranges from

appr oxi mat e A1 1o _approxi | V.. 1. 5; . . al uti cal
conpositi on4 %C@b‘? cﬁ’]'??dn}ageg{'cﬁ)i r’r!i:n%iffso%’/(\mg? eF%Cosrgmlng é‘bpﬁl&ﬂ}rﬁage[}? ngﬁﬂf S&C' §
accept abl e salihotganicAe®l 35 156H&teti( Trod®) tNE2 Igfdufn.consiéling of hydrochloric,

10 hydrobromic, hydroiodic, sulfuric and phosphoric acids.

11. The pharmaceutical composition according to Claim 10, wherein said acid is

hydrochloric acid.

15 12. A pharmaceutical composition according to Claim 3, wherein the molar
ratio ranges of said [Aib®**JhGLP-1(7-36)NH, salt to GLP-1 peptide analog
is approximately 0.5:1 to approximately 10:1.

13. A pharmaceutical composition according to Claim 3, wherein the molar
20 ratio of said [Aib®**JhGLP-1(7-36)NH; salt to said divalent metal and/or
divalent metal salt in said pharmaceutical composition ranges from

approximately 6:1 to approximately 1:1.

14. A pharmaceutical composition according to Claim 13, molar ratio of said
25 [Aib38IhGLP-1(7-36)NH, salt to said divalent metal and/or divalent metal
salt in said pharmaceutical composition ranges from approximately 5.4:1 to

approximately 1.5:1.

15. The pharmaceutical composition according to claim 14, wherein said
30 pharmaceutically acceptable salt is [Aib®3°]hGLP-1(7-36)NHz+HCl*Zn.



16. The pharnmaceutical conposition according to claim 14, wherein said
phar maceutically acceptable salt is [A b835ThG.P-1(7-36) NHeacet at e- Zn.
17. The pharmaceutical conposition according to claim 14, wherein said
S5pharmaceutically acceptable salt is [Alb 8 35

] hGLP-1(7-36) NH2. 1- 1Cl copper. 10
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16. The pharmaceutical composition according to claim 14, wherein said
pharmaceutically acceptable salt is [Aib®*°]hGLP-1(7-36)NHyeacetate-Zn.

17. The pharmaceutical composition according to claim 14, wherein said
5 pharmaceutically acceptable salt is [Aib 83 ]hGLP-1(7-36)NH,*HClscopper.
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